Water Resources Report Number 38 


tee 


LACLEDE, 1 


James E. Vandike 


——  ——————————————— eee ss eee SS 


Cover Photo: Bennett Spring Branch just downstream of the spring rise. 


Water Resources Report Number 38 


THE HYDROGEOLOGY 
OF THE 
BENNETT SPRING AREA, 
LACLEDE, DALLAS, 
WEBSTER, AND WRIGHT COUNTIES, 
MISSOQRI 


by 


James E. Vandike 


1992 


MISSOURI DEPARTMENT OF NATURAL RESOURCES 
Division of Geology and Land Survey 
P.O. Box 250, Rolla, MO 65401 
(314) 368-2125 


Library of Congress Catalog Card Number: 92-064210 
Missouni Classification Number: Ge 9:38 


Vandike, James E., 1992, THE HYDROGEOLOGY OF THE BENNETT SPRING AREA, LACLEDE, 
DALLAS, WEBSTER, AND WRIGHT COUNTIES, MISSOGRI, Missouri Department of Natural Resources, 
Division of Geology and Land Survey, Water Resources Report Number 38, 112 p., 44 figs., 26 tbls, 14 photos. 


As a recipient of federal funds, the Department of Natural Resources cannot discriminate against anyone on the basts of 
race, color, national origin, age, sex, or handicap. If anyone believes he/she has been subjected to discrimination for any 
of these reasons, he/she may file a compiaint with either the Department of Natural Resources or the Office of Equal 


Opportunity, U.S. Department of the Interior, Washington, D.C., 20240. 


CONTENTS 


ADSUPACE occa ccc cecesse cea ceeecnencnecessseeeeeeeensnegcesesesueceeceseenessaupedvenanaucavdvanananavavansvanaucacauacasenanenapavassansesd.ecavusavaveneegen 


Introduction .. 

Acknowledgements ... “ 

Study Rationale and Methodology .. 

Geology of the Bennett Spring Area . 
Introduction .. vesectanenee 


Surficial Materials ...0.. ccc cece ese cee teneeesnecnseeneeenneeeeeecnaeeeenecaeeeeaneeeaedegeaecaeeaneaaesueacesansnagagavaesesenggaegapspnetereinaas 
Structural Geology seve ecaeecaeseuasace dae eeasevsacevansasenssuensnsceseseaetenedeenssessaeenssaeteneterseneseseeeneeneeeaanieteentaarcreeneetasens 


Hydrology ... 
Introduction .. 


Groundwater Recharge ... 
Hydrologic Reconnaissance of the Study Area . 


Flow Characteristics of Major Streams in the Bennett Spring Area sedsesegeseneseeenegenegneegansseneeeneeneenieeniaeees 


Flow Characteristics of Losing Strearns in the Bennett Spring AT€a 00... eccesereseseeeseseeceneeeenesaeneneasanens 
Major Springs in the Bennett Spring Area .. bacean enna ntsc aeseseescaaeencasscaesegssescceseseaesusceessanasenenavasssavenavananas 
Bennett Spring... saceeuacesceneesenasanessaneavaaeans 
Sand Spring ... sesiavestatecse 
Famous Blue Spring... 
Sweet Blue Spring ... ceaceeacenaneesncscesueancaeeansueauanauasauasessauasauananssauasdestanssduassesnapancenenanensnessnanaacanes 
Johnson-Wilkerson Spring Sine neeaeeRe ne RDNGAEGAPADEADOEEE DAA SEEEECEGANAEAESIAAE LEAH GE AESAADAEAD GE GDC HEAL OL ORADEOS Oy finn ROLE CaQeg@ none teas 
Jake George SpringS .........::secceseereeeees 
Hahatonka Spring. 
Randolph Spring 
Groundwater Tracing ... eoceeegeeencnsdeeeneeeaneuseesieeanecsnaverssseetaeeseusenansacainenenesensssnesensgeqsseeacgeeaseaseceaseaeaaeasneeeeeenapanee 
Introduction .. an svete tvasnceas 
Summaries of Individuat Dye Traces ... 
Upper Fourmile Creek Trace, DT 1.. 
Jones Creek Trace, DT 2.. bee edsa ceed ccaseeseedeceacatedeass cues sa ececsesseeaeesteeacacnsssesecdsesesdatssesdsavasestanansestenee 
Cave Creek Traces, DT 3 and DT 4., ws : . 
East Fork Niangua River Traces, DT 5 and DT 6. 
Steins Creek Trace, DT 7. secteeaeesenecnanease 
North Cobb Creek Trace, DT 8. sesceaes 
Goodwin Hollow Traces, DT 9 and DT 10.. seeeaereaeieenevanevivaedsencnenesetegege sense iseeastataseseaaisantees 
Brush Creek Tributary Trace, DT Bocce seecncecnseceeeeesesaseseeesaeeaesesaeeesdecceeeseeenanencsseasnennentenens 
Osage Fork State Forest Trace, DT 12... ceescccsecceseserseeteseeeneeseaeneneeaeeseee rene sense nate egeeseneered seat tatansenanee 
Bear Thicket Sink Trace, DT 13 .o.cceccccsesescstetesceseeeseceeeaseensaeesaseceseaensesceesuesoeseaseeeeseeesetenestansnenensness 
West Pork Niangua River Trace, DT 14.. ve ager ener EENNTOO IEE T CEE TRETESEEETEEOOSEETTETOITOTSTSTOTOTETT 
Dry Fork Fourmile Creek Traces, Dt 15 and DT 16 .. sasteneevansnenanenanenacepssnenanenacanasevaneentanensneregegesseeeaseders 
Dousinbury Creek Trace, DT 17... pac eeendeteeenceeeetenses 
Spring Hollow Trace, DT 18.. os 
Spring Hollow Tributary Trace, V & E, 1987 .. suevagaecuenscucesaeenavsusecasensseeensseesteeseatsananeueneasannes 
Dry Auglaize Sink Trace, M & V, 1980 ....ccessstsccsssecrcnsssssensssstasscascrapaneseesesanansnansssanastenaanasesuntonveess 
Lower Bear Creek Trace, M, 1978 ......eecssscecsretsersseeetenersaeeensananen se eeae eet anevenanasvenetenasandsncesecenareteeneseneenen 
Dry Auglaize Creek Traces, S & M, 1976 .. m eu seeusegueqenseeuseggequahseueeasesuangessssecssesesevanstsnees 
Recharge Areas of Major Springs | in the Bennett Spring Area . aceuaeenanananenacavseeanaessscasusasansssenesentesaeterereneeaede 
Introduction .. we sens Leaneecetee eave e tease eHetesdedLcddedpapendenseaeadanseas sasenesdetooretensesereenevazeneees 
Bennett Spring . ONTOS OSTEO EEE TEEDSO TEE ESEEEEE STOEL ODEVESTIOEOTOSTOSSEOTSTEOSETESUSEEOEESEEOEESESIOSUSVEESSICOSOSOINTSLOUUTESEDIESTOSDIVIONSTOED 


ii 


OONNINNUNUWDN = 


Sand Spring and Famous Blue Spritig ....c.c. cece sseneteneecsnenseeeecncenseeeecaenneeeaeseasesenanapaneneseegeatessseseineeraes 


JOMNSON Wilkerson SPF oo... ceecssesesessensssssssseesaesssessecscesoesssesseesanassuesanessueecseteseessocesoesneeseeneaerenanenenares 


Sake George Spring 00... cece cece cecseaese setae caeesaeaceeseeesececeupaceeeesoaee aes cesenaeenneseaeenanapendvandsansseeaeneaseesversuarseas 
Randolph Spring - secteccsenvousesssenerstensendedesedsacerseteeseeenanesaseasresedsaned sandcasecteasseasentseuasesereneneraeasusvssendndvasdrasenavarans 


Big Spring... 
Cliff Spring .. 
Sweet Blue Spring... 
Hahatonka Spring... 
Hydrologic Budget for the Bennett Spting ‘Recharge ‘Area . 


The Potential for Contamination in the Bennett Spring Recharge Area seas taeccesanscvasasavaneesseasanenseearaasnestataees 
Hydrologic Characteristics of Bennett Spring a! and its Recharge ALICE vicesesctececsnsetecceenecnenaeseeneanenerenenenanres 


References Cited .. 


iv 


SSEEPSRezee 


_ 
— 
—_ 


Figure |: 
Figure 2: 
Figure 3: 
Figure 4: 
Figure 5: 
Figure 6: 
Figure 7: 
Figure 8: 


Figure 9: 


Figure 10: 
Figure 11: 
Figure 12: 
Figure 13: 
Figure 14: 
Figure 15: 
Figure 16: 
Figure 17: 
Figure 18: 
Figure 19: 
Figure 20: 


Figure 21: 
Figure 22: 


Figure 23: 
Figure 24: 


Figure 25: 
Figure 26: 


Figure 27: 
Figure 28: 
Figure 29: 


Figure 30: 
Figure 31: 
Figure 32: 
Figure 33: 


Figure 34: 
Figure 35: 
Figure 36: 
Figure 37: 


Figure 38: 
Figure 39: 
Figure 40; 


LIST OF FIGURES 


Location map showing the Bennett Spring area . sisltinieeseiia A 
Geologic map of the Bennett Spring area. Geology by Middendorf et al., "1987. . PEA re eee 6 
Gaining and losing streams in the Bennett Spring Study Area . Sree EP ereerreten Pree KO, 
Locations of weather observation stations in the Bennett Spring ‘Area eh iain ots 36 
Daily precipitation, Lebanon 2W weather observation Station .....2.....:cccessseieesssessneeeecetseaetenenees 17 
Daily precipitation, Marshfield weather observation Station oo... cesses re seererserecereesterssceee LB 
Daily precipitation, Buffalo 3S weather observation station .. rere ndeeitin ast ive 9 
Daily precipitation, Missouri Department of Conservation- Lebanon weather 

observation station... wiitlen iy iy ntdieniaten dean eO 
Daily precipitation, Bennett Spring weather observation ‘station soahdei RT Rah neue eaeeeeeel 
Daily precipitation, Spring Hollow #1 weather observation BUG ink aotearoa 22 
Daily precipitation, Hollis Branch weather observation Station ..........ccccceeecenceensecenseeteeeereeeees 2D 
Daily precipitation, Spring Hollow #2 weather observation Station .......ccceeeeccecccteteteesnsseesenes OF 
Daily precipitation, Patterson Branch weather observation Station ...........::0--scsecsseceeceeeeeeteeeeene 2D 
Daily precipitation, Louisburg weather observation Station .......:cesccesscsseeseeessererensterenanenereerensae OO 
Daily precipitation, Jones Creek weather observation Station ..........-.cccccc eee renee tenet eeeeeaaaee 27 
Daily precipitation, Steins Creek near Orla weather observation station .........0..2.00--: eee 28 
Daily precipitation, North Cobb Creek weather observation Station 0.0.0.2. c:csccececeteeeeeeeeeeeeee 29 
Daily precipitation, Long Lane weather observation Station... ee eeeec eters rereeseecneeereers SO 
Datalogger-pressure transducer surface-water gaging Stations .............. cece csesereeerererereeeetennes 34 
Diagrammatic cross-section showing typical datalogger-pressure transducer gaging 
StAUOMINStAIBUON 3 cis eccieses cee cadestesnsenives bata teeelo hd ausceciisbeiins Gesraeri sities Sreaverssiatscnati stiarbstaedsusendes 34 
Average daily discharge hydrograph of Spring Hollow at King Farm, water year 

1989-1990... Hiisctiele OO 
Average daily discharge hydrograph, ‘Spring ‘Hollow upstream from ‘Bennett ‘Spring, 

water year 1989-1990 .. 1 40 


Average daily discharge hydrograph, Fourmile Creek n near r Route P, water year 1989-1 990 wee 42 
Hourly state height, Goodwin Hollow at Evans farm, November 15, 1989 aes 


March 14, 1990 .. bn sipandgueduasdeuteesteteavececte edie 
Major springs in the Bennett Spring a1 area a discussed i in n this report .. aes + AB 
Plan view and cross-section of Bennett Spring. Modified from a map ‘by Porter and Brown, fs 
1984 (in Porter, 1986)... ated wesereeee 49 
Average daily discharge hydrograph, ‘Bennett ‘Spring dancing ‘station, “water year 1989. 

1990. Data includes runoff from Spring HOw. .......2.. eee eect reeeseeesesensgensteeeerepennennennansens 52 
Average daily discharge hydrograph, Bennett Spring, water year 1989-1990. Data 

corrected for runoff from Spring Hollow upstream of Bennett Spring ............. Hynes O38 
Spectrofluorograms of activated charcoal samples containing no dye, fuorescein: dye, 

and Rhodamine WT dye ... iieitts vali deinen Rona ie a eae a A eet iat ie 2 
Dye monitoring sites .. ate sets, 64 
Dye traces in the Bennett ‘Spring a area. - Arrows point to where dye w was 5 recovered. iat OF 
Average discharge versus recharge area size for vanious recharge Fates vicsesaeeereeeeens 78 
Potentiometric map of Roubidoux Formation-Gasconade Dolomite sequence in the 

Bennett Spring area (from Harvey et al., 1983). oo... escesscceceescsssereseestsererecetenenetennsoneensnassvonenens 81 
Recharge areas for major springs in the Bennett Spring area .......eceeeeesesteneseresesetenenaetscner reese 82 
Conceptual drawing showing water distribution in a karst SELLING oe eee cee e renter eeeneaees 85 
Water year 1989-1990 temperature data for the Bennett Spring area oo... ceeeescseesscrsesentnteteees 88 
Weighted precipitation, water year 1898-1990, for the Bennett Spring 

RECHARGE AIC vies ac sieecesacash eve ovkebinds tesseeassy Usa situs eyes essvilis es evataiaaidadveachanaacanacasnddaha vadatad watudendbastueasncde 89 
Potential contaminant sources in the Bennett Spring Area... .cesseresererressseeneasensnennesensteeieees 99 
Weighted precipitation versus discharge, water years 1966-1990, Bennett Spring ................. 102 


Surplus moisture versus discharge, water years 1966-1990, Bennett Spring... sssresenea 103 


LIST OF FIGURES continued... 


Figure 41: 
Figure 42: 
Figure 43: 


Figure 44: 


Table |: 
Table 2: 
Table 3: 
Table 4: 
Table 5: 
Table 6: 
Table 7. 
Table 8. 
Table 9. 
Table 10. 
Table 11. 
Table 12: 
Table 13: 
Table 14: 
Table 15: 
Table 16: 
Table 17: 


Table 18: 
Table 19: 
Table 20: 


Table 21: 
Table 22: 
Table 23: 
Table 24: 
Table 25: 
Table 26: 


Hydrographs showing average daily flows at Bennett Spring during extremely wet 

and extremely dry years. Data source: U.S, Geological Survey ..-...cccsreserecneetecsserseaerennseny 104 

Weighted recharge area precipitation, calculated recharge area surplus moisture, and 

discharge at Bennett Spring, water year 1989-1990 cette ctesesesercseatecssrasesatesersaneae 107 

Weighted recharge area precipitation, and discharge, conductivity, and temperature at 

Bennett Spring, water year 1989-1990 oo ic eeeteneneneensnee ce sesneneeepagesseetaeaesseaaesangaresaeae 108 

Hydrologic relationship between rainfall, Bennett Spring's discharge, and surface-water 

runoff in Spring Hollow during October, 1990 0... sicece sce teneeeceseee rene tsneaesaseevaesaeseneneeneanes 109 

LIST OF TABLES 

Hydrologic data for streams in the Bennett Spring Study Area oo... csccscesecrsereneceeseeeesnteetereannens 11 
Daily precipitation, Lebanon 2W weather observatlon Statlon uo... cece eee ereestseneavenesrasessestanees 17 
Daily precipitation, Marshfield weather ObSErvation StatlON cacceccssccsccsescsessecsesteceteseeseceeeeees 18 
Daily precipitation, Buffalo 3S weather observation station ............2:.2.:::secpe nee eeee eee teeeeeteeeeeeneees 19 
Daily precipitation, Mo. Department of Conservation-Lebanon weather observation station ...... 20 
Daily precipitation, Bennett Spring weather observatlon Staton ncurses 21 
Daily precipitation, Spring Hollow #1 weather observatlon StaOn oo... ee eee teeeeseseseetentaeteree 22 
Daily precipitation, Hollis Branch weather observation Station ..cccsccsssssernsesueseecssseseneserstenes 23 
Daily precipitation, Spring Hollow #2 weather observatlon Staton .occcssscseeesrcrseietneesserseenes 24 
Daily precipitation, Patterson Branch weather observation Station .........ceceenescsnsecseseceereteeteeeeeee 25 
Daily precipitation, Louisburg weather observation station .. et ete es Rollo e Pe uatlie eO. 
Daily precipitation, Jones Creek weather observation sation. edtsiadieas te fparsvatisistactertenve ee G 
Daily precipitation, Steins Creek near Orla weather Sbeenvation ‘station: Gass Svaioar anh aartnsiiere tee aos 28 
Daily precipitation, North Cobb Creek weather observation Station .........:cecccecececstetcestsrernsssernes 29 
Daily precipitation, Long Lane Weather observation Station oo. eiresserecsresenssseeseseeeees 30 
Average daily discharge, Spring Hollow at King Farm, water year 1989-1990 oe BO 
Average daily discharge, Spring Hollow upstream from Bennett Spring, water year 


WOOO OO oc ccntclernesecatausecnaeaisccesaltl Natcci aula ties Maleate aa ticnatas pt itau lee ue ale ond dahetaraemay Menon aeibee 39 
Average daily discharge, Fourmile Creek near Route P, water year 1989-1990... ee 41 
Average daily discharge, Bennett Spring gaging station, water year ]989-1990 owe 50 


Average daily discharge, water year 1989-1990, at Bennett Spring. Ftow corrected for 

discharge of Spring Hollow upstream of Bennett Spring ...........c:cccescceseseeeceeeeeeeeeeeeeetesesteneeneeaeites 51 
Dye monitoring site names, locations, and types Of MONROTING oe eens 65 
Injection and recovery data for dye traces in the Bennett Spring area .........-ccccccececeeeceeteceesneenees 70 


Elevation, distance, travel time, and velocity data for dye traces in the Bennett Spring area ..... 71 


Hydrologic budget, water years 1956 through 1990, for the Bennett Spring recharge area........ 87 
Weighted precipitation, water year 1989-1990, for the Bennett Spring recharge area .............89 
Hydrologic budget, water year 1989-1990, Bennett Spring recharge afd os. eeeseveeevere DOGS 


Bennett Spring Branch just downstream of the spring rise 


Photo 1. 
Photo 2. 
Photo 3. 
Photo 4. 
Photo 5. 
Photo 6. 
Photo 7. 
Photo 8. 
Photo 9. 
Photo 10. 


Photo 11. 


Photo 12. 
Photo 13. 
Photo 14. 


LIST OF PHOTOS 


Aetial Photo of Bennett Spring ... 
A recording rain gage installation in ‘Spring Hollow .. 


Interior view, recording rain gage installation ........... ce esse eeteeceeees 


. Vili 


Tipping-bucket rain gage with Sora NOUSING FEMOVE ........e ect c ce scceeee eee te teres seeeeenenesnnesenens 


Eveni recorder .. “aah 
Pressure ianeducer and éable 


Pressure transducer in protective housing anchored i in n streambed .. Pie iad Meee Gate eee 


Datalogger and protective steel housing .. 


Hand-held computer used to program dataloggers and cretileve date 


Goodwin Hollow at Missouri Highway 5, a major losing stream .. 


A lone angler fishes for trout next to the rise pool at Bennett Spring, denen diate Spindeasesboacbestst ss tieitel 


Sand Spring ... 
Famous Blue Spring... te 
Improper disposal of waste inz a Laclede County sinkhole... 


vii 


Photo 1: The circular rise pool of Bennett Spring, clearly seen from the air, is on the east side of Spring Hollow about a mile from the Niangua 
River. Much of the time, how of the Niangua River more than doubles when the discharge of Bennett Spring enters it.. 


Abstract/Introduction 


THE HYDROGEOLOGY OF 
THE BENNETT SPRING AREA, LACLEDE, DALLAS, 


WEBSTER, AND WRIGHT COUNTIES, MISSOURI 


ABSTRACT 


Bennett Spring, Missouri's third largest single 
outlet spring, has an average discharge of about 
165 ft?/sec, and is the principal groundwater out- 
let for an extensive karst area in south-central 
Missouri. A hydrologic reconnaissance in the 
Bennett Spring area of Laclede, Dallas, Wright, 
and Webster counties, which includes the upper 
Niangua River, Osage Fork of the Gasconade 
River, and Dry Auglaize Creek, identified nearly 40 
streams that lose significant volumes of surface 
flow into the karst groundwater system. 
Dataloggers and pressure transducers installed at 
four locations on three losing streams to help 
quantify losing-stream water-loss rates show most 
runoff from precipitation is channelled underground 
and becomes groundwater recharge. During wa- 
ter year 1989-1990 when area precipitation was 
nearly 46 inches, there was only about 2.5 water- 
shed inches of runoff from Spring Hollow, a 42.5 
mi? losing-stream watershed upstream from 
Bennett Spring. 


Eighteen dye traces were made to nine springs 
from 14 dyeinjection sites in the Bennett Spring 
area to help delineate areas providing recharge to 
major springs, and to determine groundwater 
velocities in the karst drainage system, Velocities 
varied from less than 0.2 miles per day to more 


than 1.3 miles per day. The Bennett Spring re 
charge area, based on water tracing and existing 
potentiometric map data, consists of a 265 mi? 
area east, south, and southwest of the spring. The 
recharge area includes Spring Hollow, upper 
Fourmile Creek, upper Dousinbury Creek, and 
East Fork Niangua River in the upper Niangua 
River basin; Brush Creek and North Cobb Creek in 
the Osage Fork Basin; and Goodwin Hollow, a 
tributary of Dry Auglaize Creek. Dye tracing 
showed Bennett Spring to share a part of its 
recharge area with Jake George Springs and Sweet 
Blue Spring. Sand Spring and Famous Blue 
Spring, smallec springs near Bennett Spring State 
Park, share a common recharge area south of the 
Niangua River in Cave Creek and lower Fourmile 
Creek watersheds. 


Precipitation, discharge, and specific conductiv- 
ity data show that the discharge of Bennett Spring 
begins increasing generally within a few hours after 
precipitation due to pressure-head increase in the 
recharge area, but the water introduced into the 
aquifer from a precipitation event does not reach 
the spring for several days. The magnitude of flow 
increase depends greatly on soil moisture conditions; 
greater flow increases occur after precipitation 
when soils are wet than during relatively dry conditions. 


INTRODGCTION 


Bennett Spring, the focal point of Bennett Spring 
State Park, Is the third largest single outlet spring in 
Missouni and the largest spring in the state park system. 
During an average day, the extensive phreatic cave 
system feeding the spring outlet channels approxi- 
mately 103 million gallons (165 ft?/sec) of water to 


the surface; water that originated as precipitation 
falling over a broad area east, south, and southwest 
of the spring. The spring rises from a steeply- 
inclined, water-filled cave passage on the east side 
of Spring Hollow about 1.3 miles upstream from its 
confluence with the Niangua River. 


The Hydrogeology of the Bennett Spring Area 


Each year, some 800,000 people visit Bennett 
Spring State Park to take advantage of the outdoor 
recreational opportunities thatinclude hiking trails, 
picnic areas, campgrounds, and trout fishing along 
Spting Hollow downstream of Bennett Spring. 
Bennett Spring water also supplies a Department 
of Conservation trout hatchery. 


Currently, water quality at Bennett Spring 
appears excellent. However, water quality can be 
affected by the activities of people in the area 
supplying recharge to the spring. Land-use 
changes, improper waste disposal, and accidental 
spills of potentially toxic materials in the recharge 
area could degrade water quality. 


In 1989, the Department of Natural 
Resources began a study designed to improve 
our understanding of the hydrology of Bennett 
Spring, to delineate the area providing its 
recharge, and to study the surface-subsurface 
relationships in the area. The study area 
includes the Niangua River basin, the Osage 
Fork of the Gasconade River basin, Goodwin 
Hollow and Dry Auglaize Creek basins, and 
that part of the Gasconade River basin west of 
the Gasconade river in Laclede County. The 
study area includes all of Laclede County , and 
portions of Dallas, Webster, and Wright 
counties, Missouri (fig. 1). 
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Study Rationale and Methodology 


STUDY RATIONALE AND METHODOLOGY 


Recharge area protection is of paramount im- 
portance in maintaining high water-quality stan- 
dards at Bennett Spring. This study was designed 
to provide the type of information necessary to 
help prevent water-quality degradation in the area 
by delineating the recharge area for Bennett Spring, 
by developing a conceptual model to describe 
how, where, and at what rates recharge occurs, by 
defining surface-subsurface hydrogeologic rela- 
tionships, and then using this information to de 
velop an initial water-quality risk assessment for 
the Bennett Spring recharge area. However, it was 
more than a study of just Bennett Spring. Many 
other significant springs occur in the study area. 
Like Bennett Spring each one has a recharge area 
and distinct hydrogeologic characteristics. 
Hy drogeologic data is used to help delineate their 
Techarge areas, and better define the functioning 
of their supply systems. 


An area-wide hydrologic reconnaissance was 
performed to determine which areas contribute 
significant groundwater recharge and which areas 
contribute littke recharge. Much of the Bennett 
Spring recharge is from runoff into sinkholes and 
losing streams; both channel tremendous vol- 
umes of water into the subsurface following heavy 
rainfall. Losing and gaining stream reaches were 
mapped during the hydrologic reconnaissance to 
determine the areas providing high rates of ground- 
water recharge. 


Obviously, not all of the sinkholes and losing 
streams in the study area contribute recharge to 
Bennett Spring. Dye tracing, a technique where 
by fluorescent dyes are introduced into the subsur 
face through sinkholes and losing streams, and 
detected at the spring or springs where they 
emerge, was used to help delineate the recharge 
areas for the major springs in the study area. 


Considerable geologic and hydrologic data are 
available for the Bennett Spring area through 
previous studies and ongoing basic data collec- 
tlon activities. Historic flow data are available for 
the Niangua River, Osage Fork, and Gasconade 
River fromm the U.S. Geological Survey. Bennett 
Spring's flow has been monitored for about 40 
years by the U.S. Geological Survey. Nearly all of 
the surface-water flow data has been collected 
from major perennial streams. To better under- 


stand the runoff characteristics of smaller water- 
sheds that lose flow into the subsurface, hydro- 
logic instruments were installed on selected losing 
streams to help determine rainfall-runoff relation- 
ships in these important recharge areas. Also, a 
network of precipitation stations was established 
in the study area to supplement National Weather 
Service precipitation data in order to more accu- 
rately measure the water available for runoff and 
Techarge during the study. 


Area temperature and rainfall data were used to 
develop a hydrologic budget for the study area. A 
hydrologic budget is a mathematical procedure 
used to describe water distribution in an area. It 
allows losses fromm evaporation and vegetational 
use of water to be estimated, as well as an estima- 
tion of the amount of water available for surface 
water runoff and groundwater recharge. Hydro- 
logic budgets were calculated for two periods of 
time. A daily budget was prepared for water year 
1989-1990, which extends from October 1, 1989, 
through September 30, 1990. A monthly budget 
was prepared for water years 1956 through water 
year 1990, to show long term water distribution in 
the Bennett Spring area. 


Specific conductivity and water temperature 
data were collected from Bennett Spring and other 
groundwater outlets in the Bennett Spring area. 
Specific conductivity is a measurement of water's 
ability to conduct electrical current Specific 
conductivity is directly proportional to the amount 
of dissolved materials in water; as dissolved solids 
increase, conductivity increases. In this study, the 
conductivity data are used primarily to determine 
when recharge from rainfall events reaches a 
spring. Temperature data can be used to help 
determine the type and relative amount of re 
charge taking place, and to help understand the 
mechanics of the flow-systern channelling water 
to the springs. 


A preliminary water-quality risk assessment 
was performed on Bennett Spring using recharge 
area data generated during the study, potential 
contaminant source data available from the De 
partment of Natural Resources’ Division of Envi- 
ronmental Quality, and frorn highway, railroad, 
and pipeline information. 


nO’ 


The Hydrogeology of the Bennett Spring AQ —— oo ——————OOOOO aE 


92°30" W. 


Camden Co. gar _ - 
@ TOWN [ tatess co -92°485" W 7 sr 


— PRIMARY HIGHWAY 
~--~+ SECONDARY HIGHWAY 
—-— COUNTY LINE ; 
-—- PERENNIAL STREAM i 
= EPHEMERAL STREAM 1 
—{-— TOWNSHIP ANO RANGE LINES 


7 MALJOA SURFACE WATER 
7’) DRAINAGE DIVIDE 


10 MILES]. 
| 


. Bennett Spring }: ) 
» State Park 
A 


Dallas Co. 
. Ve 
Websler Ca, 


e----- 


Grovespri 


_2 
nen 
~ 
\ GASCONADE 


Wright Co 


Greene Co. 
Webster Ca 
Webster Co 


Figure 1: Location map showing the Bennett Spring area. 
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GEOLOGY OF THE BENNETT SPRING AREA 


INTRODUCTION 


A detailed description of the geology of the 
Bennett Spring area is beyond the scope of this 
study, but a general understanding of the geology 
and its relation to hydrology of the area is neces- 
sary. Harvey et al. (1983) present an excellent 
description of the stratigraphy and structural geol- 
ogy of the area. 


STRATIGRAPHY 


The Bennett Spring area is underlain mostly by 
sedimentary rocks of Ordovician and Cambrian 
age that reach a thickness of about 1800 feet. 
Younger strata of Mississippian age occupy the 
higher elevations along the Niangua River-Osage 
Fork watershed divide in Webster and Dallas 
counties. Nearly all of the bedrock formations 
exposed in the study area are Ordovician (Cana- 
dian Series) sedimentary rocks. The oldest sedi- 
mentary bedrock formations underlying the area 
are Upper Cambrian age. They include, in ascend- 
ing order, the Lamotte Sandstone, Bonneterre 
Formation, Davis Formation, Derby-Doerun Doto- 
mite, Potosi Dolomite, and Eminence Dolomite. 
The only place upper Cambrian strata are ex- 
posed in the study area is at the Decaturville 
Structure, an intensely faulted, geologically com- 
plex, circular structure in northwestern Laclede 
County. The geology of the Decaturville structure 
is described in detail by Offield and Pohn (1979), 
who Interpret It as an impact sttucture. The 
Eminence Dolomite is also exposed a few miles 
north of the study area in southern Carden County 
in the Ha Ha Tonka State Park area. 


With the exception of the Decaturville struc- 
ture, the oldest bedrock formation exposed in the 
study area is the Gasconade Dolomite. The Gas- 
conade is a light gray, medium- to coarsecrystal- 
line, thin- to thick-bedded cherty dolomite.consist- 
ing of two units. The Upper Gasconade is mas- 
sively bedded with a relatively low chert content 
that can be as muchas 100 feet thick. In contrast, 
the Lower Gasconade, ranging In thickness from 
about 270 to 380 feet, has a relatively high chert 
content. The chert occurs as thin beds, nodules, 
and cryptozoan reef structures up to several feet 
thick (Duley et al., 1992). The Gunter Sandstone 


Member, generally 30 to 45 feet thick, forms the 
base of the Lower Gasconade. Sand contentin the 
Gunter varies from less than 40 percent In the 
southeastern part of the study area to 100 percent 
in northwestern Laclede County (Harvey et al., 
1983). The Gasconade Dolomite has a total 
thickness ranging from about 300 to 450 feet, but 
only the upper 50 to 100 feet of the formation is 
exposed, primarily along the Niangua River and its 
major tributaries downstream from the Fourmile 
Creek area, throughout much of Spring Hollow, 
along the middle reach of the Osage Fork in 
northwestern Wright and southern Laclede coun- 
ties, and along the Gasconade River in northeast- 
ern Laclede County (fig. 2). 


The Roubidoux Formation overlies the Gascon- 
ade, and forms the bedrock surface over much of 
the east-central part of the study area. The Roubi- 
doux is an interbedded light-gray to brownish- 
gray, medium: to fine-crystalline cherty dolomite 
and sandstone (Duley et al., 1992). Sandstone 
beds are conspicuous In the unit, but sand content 
decreases to the north. Full thickness of the 
formation ranges from about 125 to 180 feet. 


The Jefferson City and Cotter Dolomites are 
considered distinct geologic units, but because of 
their similarities they are generally mapped as a 
single unit and referred to as the Jefferson City- 
Cotter Dolomite. The Jefferson City Dolomite 
overlies the Roubidoux Formation, and forms the 
bedrock surface throughout much of the eastern, 
southern, and western parts of the study area. The 
Jefferson City is a buff to light-gray, fine- to 
medium-crystalline, thin- to thick-bedded argilla- 
ceous dolomite (Duley and others, 1992). Where 
not eroded, it ranges from about 150 to 220 feet 
thick. The Cotter Dolomite overlies the Jefferson 
City, and consists of up to 200 feet of dolomite 
with chert and minor sandstone beds. Due to its 
high stratigraphic position, it occupies mainly the 
upland areas in the southem and southwestem 
parts of the study area. 


Up to about 330 feet of Mississippian sedimnen- 
tary rocks unconformably overlie the Cotter 
Dolomite along the watershed divides in the south- 
ern and southwestern parts of the study area; they 
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Figure 2: Geologic map of the Bennett Spring area. Geology by Middendorf el al., 1987. 


occupy only the higher elevations. They consist 
primarily of the Compton and Northview Forma- 
tions, and the Burlington-Keokuk Limestone. A 
few miles west of the study area on the Springfield 
Plateau, the Mississippian units thicken and com- 
prise a shallow aquifer. In the study area they are 
not hydrologically significant, and will not be 
discussed in detail in this report. 


SURFICIAL MATERIALS 


Except where outcrops occur, bedrock in the 
study area is mantled by unconsolidated surficial 
Materials consisting of clay, silt, sand, gravel, and 
boulders that were principally derived from the 
weathering of bedrock formations. Most of the 
susficial materials are residuum, which is the 
insoluble material left from {n situ weathering of 
the bedrock. The residuum consists of clay, silt, 
and chert; the relative proportions of each depend- 
ing onthe parent rock formation, topography, and 
other factors. Residuum formed from weathering 
of the Roubidoux Formation generally contains 
more gravel and larger chert fragments and has 
less clay content than residuum derived from the 
Jefferson City and Cotter Dolomites. Residuum in 
the study area ranges from zero to more than 40 
feet thick in areas where deep bedrock weathering 
has occurred. 


Colluvium, sediment that has been eroded and 
transported downslope by water and gravity, is 
limited to lower valley slopes in some areas. A 
relatively small ammount of loess, (wind-blown silt) 


Hydrology 


is found on residuurt in upland areas that have 
gentle slopes. 


Alluvium, which consists of sand, gravel, boul- 
ders, and finer sediments, underlies the flood- 
plains of major streams in the area. It is generally 
only a few feet thick along smaller strearns, but 
may be 30 feet thick in places along the lower 
Niangua, Osage Fork, and Gasconade Rivers. 


STRUCTURAL GEOLOGY 


All of the exposed formations in the study area 
are marine sedimentary rocks that were deposited 
horizontally, but tectonic forces acting on the 
formations long after deposition caused faulting 
and gentle folding. Numerous northwesttrending 
normal faults, which likely reflect structure in the 
Precambrian igneous and metamorphic rocks be- 
neath the Paleozoic sediments, trend through the 
study area. The faults have low to moderate 
displacements, generally 10 feet to as much as 
400 feet (Harvey et al., 1983, p. 30). Because of 
the faulting and gentle folding, strata dip 
nearly In all directions somewhere in the study 
area. However, strata in the eastern part of 
the study area generally dip to the north and 
northeast while in the western part, strata dip 
to the west and northwest. Dips are generally 
less than 30 feet per mile. Structurally, the 
highest and lowest parts of the study area 
occur jn the extreme southeast and northeast 
parts of the study area, respectively. Total 
structural relief is about 500 feet. 


HYDROLOGY 


INTRODACTION 


The hydrology of an area is usually subdivided 
into two categories: Surface-water hydrology and 
groundwater hydrology. The former refers to the 
occuiTence and movement of water on the Jand 
surface while the latter refers to water in the subsur- 
face. In the Bennett Spring area, as in most of the 
Ozarks, subsurface weathering of the carbonate 
bedrock has created a variety of geologic features 
that allow such rapid interchange between surface 


water and groundwater that it is irrational to discuss 
one without considering the other. 


The ultimate source of water in the study area 
is precipitation. The total amount of precipitation 
is the total volume of water available, but the 
distribution of the water in the environment de 
pends on many factors. Depending on season and 
temperature, much of the water is returned to the 
atmosphere as evaporation or is used by vegeta 
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tion. The combined loss is termed evapotranspi- 
ration. Part of the water stays on or very near the 
land surface and flows into streams, the ammount 
depending greatly on soil moisture conditions, soil 
permeability, and rainfall intensity and duration. 
Another part enters the ground, moves laterally 
and downward until it reaches the water table, and 
becomes groundwater. 


GROUNDWATER RECHARGE 


Groundwater recharge, the process by which 
water enters the subsurface, can occur in several) 
different ways by both diffuse and discrete means. 


Diffuse recharge is groundwater recharge from 
precipitation that occurs by relatively slow infittra- 
tion of water through the soil by means of fairly 
small openings in bedrock until the recharge 
reaches the water table. The water table is the 
planar surface between the saturated and unsatur- 
ated zones. Above it, openings in the earth 
materials are not water-saturated; below it nearly 
all of the void spaces are completely water-filled. 
Diffuse recharge occurs nearly everywhere. The 
rate is controlled by precipitation amount and 
intensity, topography, and soil and bedrock per- 
meabitity. Areas with low soil and bedrock perme- 
ability allow lesser quantities of water to drain 
downward and have higher surface-water runoff 
rates. In the study area, residuum developed from 
weathering of the Roubidoux Formation is very 
stony and typically, very permeable. Residuum 
from the Jefferson City and Cotter Dolomites, 
containing a higher fraction of fine-grained sedi- 
ments, is usually less permeable. In upland areas, 
residual soils developed on the Roubidoux Forma- 
tion, Jefferson City, and Cotter Dolomites typi- 
cally contain a fragipan 18 to 24 inches below the 
surface that impedes the downward movement of 
water. Most of the water moves horizontally on the 
fragipan except where it is missing or cut by 
valleys and gullies (Harvey et al., 1983, p. 30). 


Diffuse recharge provides a relatively small 
volume of recharge per unit surface area, but 
because this type of recharge takes place 
over broad areas the total volume of recharge 
is quite large. 


Discrete recharge is the concentrated, localized 
movement of surface water into the subsurface. In 
the study area, discrete recharge occurs primarily 


where sutface-water runoff enters karst recharge 
features such as sinkholes and losing streams. 
Karst is a term used to describe areas where the 
dissolution of soluble bedrock has played a domi- 
nant role in developing topographic and drainage 
features. Sinkholes, one of many types of karst 
features present in the study area, are topo- 
graphic depressions in the Earth’s surface result- 
ing from natural subsurface removal of soil and 
rock. They form when soluble bedrock is dis- 
solved by slightly acidic groundwater and the 
dissolved materials, along with some of the re 
maining insoluble part of the rock, are transported 
underground through solution-enlarged openings 
in the bedrock. Over time, a void or opening 
develops in the shallow subsurface, enlarging to 
the point where its roof can no longer sustain its 
own weight and a collapse occurs. If the void 
develops mostly in residua) materials and not 
bedrock, the resulting sinkhole will initially have 
nearly vertical or overhung sides; fittle or no 
bedrock wlll be exposed in the walls, Runoff from 
rainfall will erode materials around the rim of the 
sinkhole to form the typical bowl-shaped depres- 
sion. In some cases, the collapse occurs within a 
cave passage or void which has developed in the 
bedrock. Here, the shape of the resulting sinkhole 
is more dependent on the configuration of the 
bedrock. The sinkhole may contain vertical bed- 
rock walls along parts or all of its perimeter, and 
may contain enterable cave passage. The vast 
majority of sinkholes in Laclede County are devel- 
oped in surficial materials, and few have bedrock 
walls visible at the surface. 


There are hundreds of sinkholes in the study 
area, with diarneters ranging from less than a 
hundred feet to more than a thousand feet and 
depths of a few feet to more than 100 feet. The 
area draining into a sinkhole in the study area can 
range from less than an acre to more than 300 
acres. Sinkholes are not evenly distributed. They 
occur in all of the counties in the study area, but 
the majority are in Laclede County. Approxi- 
mately 70 percent of the sinkholes in Laclede 
County are found within a 10-mile radius of Leba- 
non, primarily in the upland areas near the drain- 
age basin divides and throughout the upper reaches 
of Goodwin Hollow and Dry Auglaize Creek. Sink- 
holes can be found in any of the geologic forma- 
tions, but are most commonly developed in deeply- 
weathered Roubidoux Formation and Jefferson 
City Dolomite. 


Sinkholes have a high rate of groundwater 
recharge per unit area. Unless ponding occurs, 
the amount of recharge is essentially the arnount 
of precipitation within the topographic drainage of 
the sinkhole, minus the losses from evapotranspi- 
ration. This equates to an average yearly value of 
about 12 watershed inches. There can be no 
surface-water runoff from the sinkhole unless it 
completely fills with water. Some of the sinkholes 
do impound water permanently; an example is 
White Oak Pond along Highway 5 south of Leba- 
non. However, most drain quickly after precipita- 
tion, and combined they provide a large volume of 
discrete groundwater recharge. 


Streams which carry water essentially year 
around and have flows that are well-maintained or 
increase in a downstream direction are termed 
gaining streams. The water table along gaining 
streams is at or above stream level, and ground- 
water moves toward and into the stream. Losing 
streams are Just the opposite. Losing streams are 
discrete recharge features that allow surface water 
to rapidly enter the subsurface. The water table 
along losing streams is below stream elevation. 
Water in the stream enters the bedrock through 
solution-enlarged openings in the streambed. 
Some losing streams flow much of the year, but 
lose significant percentages of their flows into the 
bedrock along given reaches of at discrete points. 
Other losing streams carry water only briefly after 
intense precipitation, and are dry the remainder of 
the time. 


Unlike sinkholes, losing streams do not neces- 
sarily channel all of their flow into the subsurface. 
Typically, because the water table Is well below 
stream elevation and because of the high perme 
ability through the loss zones, major losing streams 
are usually dry, often for months at a time. Most 
will carry water throughout their reaches following 
very heavy rainfali, but these flows are usually 
brief and the streams go dry after a few hours to a 
few days, depending on the volume of runoff, pre- 
rainfall conditions, and storage capacity of the 
earth materials. Lesser rainfall events may cause 
brief flow along stretches of the streams, but the 
water is typically channelled underground before 
travelling far on the surface. Losing streams with 
lesser loss and storage capacities may carry flow 
for several weeks during wet weather, but be 
completely dry during the late surnmer, fall, and 
winter months. 
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HYDROLOGIC 
RECONNAISSANCE OF THE 
STUDY AREA 


Losing streams are the major source of discrete 
groundwater recharge in the Bennett Spring area. 
Unlike sinkholes, losing sueams have no distinct 
topographic expression that can be identified from 
topographic maps. They must be identified by 
field observation using discharge, flow duration, 
vegetation, channel configuration, drainage basin 
size, sediment size and sorting, and other factors 
as indicators. As part of this study, a hydrologic 
reconnaissance was conducted throughout the 
study area to identify losing streams and losing- 
stream reaches. All road crossings of all seams 
in the area were visited. Reaches of many losing 
streams were walked to determine more exact 
points of water Joss, and to search for potential dye 
tracing injection sites. Flow conditions, texture of 
alluvial materials, bedrock conditions, and veg- 
etative indicators were noted. Dozens of losing 
streams were identified, ranging from relatively 
sma}! watersheds to basins containing many square 
miles of drainage. Existing data from seepage 
runs conducted by the U. S. Geological Survey 
were also used to determine losing-stream seg- 
ments. A seepage run consists of a series of 
discharge measurements taken along a stream 
reach during a short time period, typically when 
the stream is under low-flow conditions. Down- 
stream discharge decreases Indicate losing- 
stream conditions; downstream flow increases 
indicate gaining-stream conditions. 


Figure 3 shows the losing and gaining streams 
identified in the study area. It also shows stream 
segments that are perennia! but which have sig- 
nificant flow Joss. Table 1 lists streams in the study 
area, their drainage areas, and the drainage areas 
upstream of losing segments. 


There are far more streams in the study area 
that contain losing reaches than streams which 
gain throughout their lengths. Even most of the 
streams that are primarily gaining contain losing 
reaches jn the upper watershed areas where the 
water table is below valley bottom. Some of the 
streams have definite gaining and losing reaches. 
Bear Creek, for example, contains a losing reach 
in the upper part of the watershed, a gaining reach 
in the middle section of the watershed, and an- 
other losing reach in the lower part of the water. 
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shed. All of Bear Creek upstream of the farthest 
downstream losing reach is considered losing. 
Even though it contains a gaining reach, flow 
along the gaining-stream reach eventually 
flows into the subsurface before reaching the 
Gasconade River. Jones Creek contains gaining 
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Figure 3: Gaining and losing streams in the Bennett Spring study area. 
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STREAM NAME TOTAL WATERSHED LOSING WATERSHED 
AREA (MP) AREA(MI’) 
NIANGUA RIVER BASIN 
Woolsey Creck 19.8 19.8 
AB Creck 3.9 G 
Mill Creek 10.5 G 
Jakes Crock 26.7 G 
Sweet Hollow 80 80 
Halsey Hollow 52 2.6 
Mountain Creck 27.0 27.9 
Little Danceyard Creek 19 7.9 
Danceyard Creck 89 8.9 
Spring Hollow (above 
Bennett Spring)” 425 425 
Woodward Hollow 9,2 9.2 
Cave Creek 13.3 13.3 
Fourmile Creek” 27.5 27.5 
Dry Fork 6.5 6.5 
Indian Creek . 14 48 
Dotington Creek 10.5 G 
Greasy Creek 716 G 
Dousinbury Creck 418 23.2 
Jones Creek” 34.3 28.6 
Slarvey Creck”” 13.3 12.2 
Goose Creek 3.5 3.0 
Hawk Pond Branch 5.8 $3 
Givins Branch 20.0 187 
Hollis Branch 22 2.2 
East Fork Niangua River” 25.6 25.6 
Sarah Branch 5.0 G 
West Fork Niangua River’ 27.9 79 
Grees Creck 10.6 3.1 
GRANDGLAIZE CREEK BASIN 
Dry Auglaize Creek” 205.8 196.8 
Geodwin Hollow 72.1 721 
OSAGE FORK BASIN 
Murrell Hollow 3.7 3.2 
Mill Crock 16.3 16.3 
North Cobb Creck** 53.3 38.8 
South Fork 14.9 14.9 
Core Creck 7 NA 
Walker Hollow 91 9.1 
Littke Cobb Creck 12.0 4.1 
Cobb Creek 17.9 12.0 
S(cins Creck 44.5 44.5 
Brush Creck** 42.2 37.9 
Selvage Hollow 10.4 10.2 
Parks Crock 35.4 24,5 
Panther Creck 22.5 17 
Little Bowen Creek 8.2 5.3 
Bowen Creck | 9.1 2.5 
Canirell Creek $9.8 G 
Hyde Creek 23.6 G 
GASCONADE RIVER BASIN 
Bear Creek 43.7 38.6 
Prairie Creek 43.5 128 


{neludes all dcainage upsiream of farthest downstream losing reach. 

Drainage area and losing-strcam watershed area include (ributaries. 

NA Data not available. 

G Gaining sircam, but watershed may conlain minor water-loss zones in upstrcam reaches. 
Note: Tributaries above are shown indented beneath receiving stream. 


Table 1: Hydrologic data for streams in the Bennett Spring study area. 
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Several creeks are losing streams essentially 
from headwaters to mouth, and are dry except for 
short periods following major rainstorms. Spring 
Hollow upstream from Bennett Spring, Goodwin 
Hollow, Steins Creek, and Cave Creek are in- 
cluded in this group. In very few places do these 
creeks or their tributaries carry flow in dry weather. 
Dry Auglaize Creek afso foses flow throughout 
most of its length. However, because of the volume 
of wastewater introduced into the stream, it Is 
generally perennial downstream for several miles 
from the Lebanon wastewater treatment plant. 


FLOW CHARACTERISTICS OF 
MAJOR STREAMS IN THE 
BENNETT SPRING AREA 


Very few streams in the study area which are 
gaining streams have perennial flow. Major streams 
like the Niangua River, the Osage Fork of the 
Gasconade River, and Gasconade River are peren- 
nial, but alt three contain water-loss zones along 
their reaches. The East and West Forks of the 
Niangua River both contain losing zones with 
perennial flow upstream and downstream from 
them. Low-flow measurements by the U.S. Geo- 
logical Survey show a water-loss zone in the 
Niangua River between Mountain Creek and Sweet 
Holtow. Measurements also show water-loss zones 
in the Osage Fork between Bowen Creek and 
Panther Creek, and between Big Spring and Orla, 
The Gasconade River loses flow for several miles 
downstream from the Osage Fork confluence. 


Only a few tributaries of these rivers contribute 
appreciable flow to the rivers during dry weather. 
During periods of low baseflow, only about 4 
percent of the flow in the Niangua River through- 
outits reach is from tributary contributions. About 
68 percent of the flow is from known springs with 
the remaining 28 percent from generat groundwa- 
ter inflow (Harvey et al., 1983). The Jones Creek, 
Dousinbury Creek, Greasy Creek, Halsey Hollow, 
Jakes Creek, and Mill Creek tributaries also con- 
tribute appreciable flow to the Niangua River. 


The Osage Fork receives about 1] 1 percent of its 
flow during low base-flow conditions from tribu- 
tary contributions. About 61 percent of Its flow Is 
from known springs with 28 percent from general 
groundwater inflow (Harvey et al., 1983). The 
Osage Fork has more tributaries which contribute 
flow than the Niangua; they include Cantrell Creek, 


Hyde Creek, Bowen Creek, Panther Creek, Parks 
Creek, Brush Creek, Cobb Creek, Little Cobb 
Creek, North Cobb Creek, and Core Creek. 


The Gasconade River in the study area, and 
upstream frorn the Osage Fork confluence, re 
ceives little contribution from tributaries during 
low base-flow periods. About 47 percent ofits flow 
comes from known springs, and the remaining 53 
percent Is from general groundwater inflow (Harvey 
et al., 1983). Goodwin Hollow and Dry Auglaize 
Creek are Grand Glaize Creek tributaries; both are 
losing streams and except forthe very downstream 
part of Dry Auglaize Creek, contribute no flow to 
the Grand Gtaize during low baseflow periods. 


Average annual runoff data for major rivers can 
be an important indicator of subsurface move 
ment of groundwater into or out of a surface 
watershed. However, since river basin sizes vary, 
discharge volumes must be corrected for drainage 
area size to determine the watershed inches of 
runoff from a basin. A watershed inch is the 
volume of water necessary to cover the entire 
topographic drainage basin to a depth of | inch. If 
the river gaging stations are downstream of springs, 
then the discharge of the springs, as well as 
surface-water runoff and diffused groundwater 
inflow into the streams, are included in the runoff 
figures. Average annual runoff values that are 
significantly above regional averages in the Ozarks 
are usualy due to groundwater inflow from out- 
side of the basin. Conversely, average annual 
runoff values that are significantly below regional 
averages are usually due to groundwater leaving 
the basin to recharge a spring outside of the 
topographic watershed. 


Long-term flow data are available from U.S. 
Geological Survey gaging stations on the Niangua 
River, Osage Fork, and Gasconade River. The 
Niangua River upstream from Tunnel Darn, about 
8 miles northwest of Decaturville, has a drainage 
area of 627 mi’? and an average annual runoff of 
13.5 watershed inches. This amount is about 2.5 
inches greater than the average regional runoff. 
The Osage Fork at Dryknob, with a drainage area 
of 404 mi’, has an average annual runoff of 9.55 
watershed inches. This is about 2.5 inches less 
than average regional runoff. The Gasconade 
River near Hazelgreen, which includes the Osage 
Fork, has a drainage area of about 1,250 mi? and 


an average annual runoff of 10.5 inches per year. 
This is about 1.5 inches less than the regional 
average. These figures indicate that groundwater 
is lost from both the Osage Fork and Gasconade 
River basins upstream from the gaging stations, 
while the Niangua River basin receives groundwa- 
ter from outside of the basin. 


FLOW CHARACTERISTICS OF 
LOSING STREAMS IN THE 
BENNETT SPRING AREA 


Continuous flow-measurement data are not 
commonly available for many smaller gaining- 
stream watersheds, and almost never available for 
losing-stream watersheds. It is well known that 
even losing streams with very high water-loss 
rates carry flow after heavy precipitation. To help 
quantify waterloss rates in losing-strearm water- 
sheds in the Bennett Spring area and better under- 
stand their flow characteristics, instruments to 
measure stage height were installed on three 
major losing strearns. The gaging installations 
used pressure transducers and dataloggers to 
Ineasure and record flow events occurring on 
these streams. Additionally, precipitation data 
were collected to correlate runoff volumes with 
rainfall amounts. 


There are three long-term U.S, Weather Service 
observation stations in the study area. They are 
near Lebanon, Buffalo, and Marshfield, and collect 
daily temperature and precipitation data. The 
Missouri Department of Conservation at Lebanon 
also measures and records daily precipitation. 
There are commonly significant temporal and 
spatial variations in precipitation. Rainfall amounts 
from a single storm event can vary greatly over 
short distances, so for this study additional precipi- 
tation stations were established to supplement 
data from existing precipitation observation sta- 
tions. Non-recording rain gages were installed at 
the homes of nine people who volunteered to 
measure and record daily rainfall during the study. 
Several of the stations were installed near the 
beginning of the study, and collected precipitation 
data throughout water year 1989-1990. Other sta- 
tions were established later in locations where needed. 


Precipitation data collected by National Weather 
Service observers and the volunteers is reported 
as daily rainfall. However, rain gages are not 
typically read at midnight, so the reported daily 
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rainfall is that which occurred during the 24-hour 
period between the times the rain gage is normally 
read. In many aspects, daily rainfall data are quite 
adequate, but they do not accurately reflect rain- 
fall intensity. Three inches of rainfall will generate 
significant runoff ff it occurs during a two-hour 
period, but may produce little runoff if it occurs 
during a 24-hour period. 


Rainfall intensity data were collected by install- 
ing a continuously-operating recording rain gage 
at the Bob Russell farm in the central part of the 
study area. This installation consists of a tipping- 
bucket rain gage and event recorder placed in a 
heated enclosure {photo 2). Precipitation enters 
the tipping-bucket rain gage through an 8.2-inch 
diameter cytinder (photo 3), and is then funneled 
through its base into one of two tipping buckets. 
When the bucket is full, which is after 0.0] inch of 
precipitation, its weight causes it to tip and bring 
the second bucket into position to collect the 
precipitation (photo 4). Simultaneously, a reed 
switch closes sending a brief electrical impulse to 
the event recorder. Water in the first bucket 
empties through the bottom of the rain gage, and 
out the bottom of the enclosure. The process 
repeats each time one of the buckets is full. The 
gage is accuracte to within 0.5 percent at a precipi- 
tation rate of 0.5 inches per hour. 


The event recorder consists of a rotating drum 
and pen arm (photo 5). The drum is moved by a 
quartz clock at a rate of one revolution each 31 
days. Each .01 inch of precipitation causes the 
rain gage to send an electrical impulse to the 
event recorder and energizes a solenoid. The 
solenoid drives a ratchet, causing the pen arm to 
move upward a small ammount. The pen move- 
ment is recorded on a calibrated paper chart 
attached to the recorder drum. After 100 cycles, 
which is 1 inch of precipitation, the arm falls back 
to the base of the drum. During cold weather, a 
thermostat-controlled heat source in the insulated 
enclosure provides enough heat to melt snow 
entering the rain gage, allowing frozen precipita- 
tion to be measured. 


The locations of weather observation stations 
in the study area are shown in figure 4. Daily 
precipitation data for each station for water year 
1989-1990 is shown in tables 2-15. Shown below 
each table in figures 5-18 are bar-graph plots of 
daiiy precipitation. Of the six stations where data 
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Photo 2. (Above) A recording rain gage installation in Spring Hollow collects precipilation data. 
Photo 3. (Below) Precipitation enters the tipping-buckel rain gage through its cylindrical housing, and ts funneled 
into the bucket. 
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Photo 4. (Above) The weight of water from each .01 inch of rain causes the buckel to tip, which empties the full 
bucket through the bottom of the gage. and brings the empty bucket into position beneath the funnel. 


Photo 5. (Below) Each lime the bucket empties, a signal is sent to the event recorder which causes the pen arm 
to move upward. A fell-tip pen leaves a trace of the movement on the paper. After each inch of 
precipllation, the penarm retums lo te bottom of the drum and begins moving upward again. The drum 
on the event recorder rotales once each 3} days. 
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are available for the entire water year, Buffalo 3S 
reported the highest precipitation, 52.14 Inches. 
Lebanon 2W and Missouri Department of Conser- 
vation-Lebanon reported 50.56 inches and 50.85 
inches, respectively. For most of the stations, the 
wettest months were March, May, and July, and the 
driest were October and December. Average rain- 
fall in the area for water years 1956 through 1990 
is about 41 inches, making water year 1989-1990 
one of the wetter years. The highest annual precipi- 
tation for the Lebanon area occurred during calen- 
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dar year 1927, when total precipitation measured 
74.20 inches (John Fowler, 1991, personal com- 
munication). 


Precipitation during calendar year 1989 was 
considerably less than normal. Buffalo 3S and 
Marshfield stations reported 28.53 inches and 
31.28 inches, respectively. Lebanon 2W reported 
24.96 inches, with data from January missing. 
Missouri Department of Conservation-Lebanon re- 
ported 32.90 inches of precipitation. 
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Figure 4: Locations of weather observation stations in the Bennett Spring area. 
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ANNUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE LEBANON 2w WEATHER O@SERVATION STATION 


LACLEDE COUNTY, SWi/4 SE1/4 SEC. 4, T. 34 N., R. 16 Ww. 

37 DEG 41 MIN OB SEC NORTH LATITUDE, 92 DEG 42 MIN 37 SEC WEST LONGITUDE 

LANO SURFACE ELEVATION: 1250 FEEF ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: JOHN FOWLER-RADIO STATION KIRK-KJEL TIME GAGE IS READ : 7:00 AM 

INSTALLATION OPERATEO BY: NATIONAL WEATHER SERVICE 

TYPE OF INSTALLATION: NWS NON-RECORDING RAIN GAGE 

STATION INSTALLED 1887, 103 YEARS OF DATA NOTE: **** DENOTES MISSING DATA 


DAILY PRECIPITATION (ENCHES) FOR WATER YEAR 1989 - 1990 


DAY OCT NOV OEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
L : sae 0.13 0.33 wee wees 0.13 
2 . = 0.82 wees ease 0.01 n 
3 . 0.23 6.10 wee wee 1.77 . 
4 wee 0.47 ree 0.79 1.80 . 
5 wae 0.06 pees a 0.93 
6 0.62 eee anes wees 0.14 0.18 0.46 tees eens es wees wee 
7 wee waa sees save 0.03 0.24 cease sees wees 0.07 hee wane 
8 a ease wees eee 0.49 wees wees eae aaa eae a.20 
3 bee ven 0.20 vee wees wees 0.52 
10 wae eee wees 1.37 0.17 0.04 
1} wane eae hens haa wee aay 0.16 wee eee wees 0.08 0.97 
2 wees eeee wees wea see 0.55 aye 0.67 waa 0.75 0.33 wane 
13 were : wee eee weee 0.05 0.25 baee 1.14 aaa teee 
14 2.04 tae 0.92 0.54 0.06 
5 1.28 0.33 . 0.53 1.83 see 0.64 0.62 
16 0.62 1.28 0.70 0.10 0.40 . 0.29 
1? 0.52 _ -- 0.23 0.39 - 0.02 . 
18 . wees - . 
13 . 1.41 - 0.17 tee 0.07 0.69 
20 os 0.14 . . 0.07 
21 wee 0.52 wane 0.06 1.18 0.45 0.20 
22 wees 0.22 oe 0.19 0.11 . ae 0.52 1.03 0.37 
23 wee wees - 
24 vas - 0.72 . - 
25 aves 0.11 eee 
26 hae eae wees wane 0.04 ates wee 3.90 0.46 O.17 
27 wees wees wane wee wees wees 0.03 0.28 0.02 3.83 wees 
28 eee wae wees anes 0.19 0.40 0.55 wee wee wee wee 
29 aes wee 0.63 wees 0.03 wees week wees wea haae wae 
30 0.24 wees wee wae 0.14 0.19 sane eee wees wees 0.02 
31 ane wae wees 0.15 0.07 has wees 
MONTHLY 
TOTALS 1.48 3.54 0.96 3.55 4.52 6.32 3.82 10.52 2.83 7.05 3.52 2.45 
TOTAL PRECIPITATION: 50.56 INCHES NUMBER OF DAYS WITH PRECIPITATION: 95 
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{ oct | Nov | DEC | SAN | FEB | MAR | APR | May | JUN | JUL | AUG | SEP | 


Table 2 and Figure 5: Daily precipitation, Lebanon 2W weather observation station. 
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AXNUAL SURMARY, WATER YEAR 1989 - 1990, FOR THE AARSHE FELD WEATHER OBSERVATION STATION 


WEBSTER COUNTY, HW1/4 Wel /4 SEC. 10, 7. JON, RL 18 8. 

27 OFG 20 MIN 17 SEC NORTH LATITUCE, 92 DES 5d KIN 3) SEC WEST LONGITUDE 

LAKD SURFACE ELEVATION: i490 FEET ABOVE MEAN SEA LEVEL 

WEATHER CBSERVER: £0 TERRY TJKE GAGE TS READ: 7:00 AM 

INSTALLATION OPERATED DY: NATIONAL WEATHER SERVICE 

TYPE CF INSTALLATION: sv¢S NON-RECOROING RAIN GAGE 

STATION INSTALLED 1941, 49 YEARS OF DATA NOTE: ~*** DENOTES MISSING DATA 


QAILY PRECIPITATION (INCHES) FOR WATER YEAR 1989 - 1990 


DAY acy NOV OFC JAY FEB HAR APR MAY JUN Jub AUG SEP 
1 Fen 0.20 0.34 0.048 0.10 
2 ea 0.76 0.02 ones 
3 eid a 1.85 sale’ aN ars wees 
A 0.48 0.56 0.46 a SGteck sage eas wanda 
5 ee Pan 0.19 ots 
6 0.05 0.13 0.18 7 
) 0.5? 6.06 0.55 Beha oS Satie eauerd oie id hence 
) ‘: 0.38 bese 0.34 hres wh tite 0.03 avi iris 0.30 
9 ‘ 0.74 oes d anaea ane 0.89 ots pean ease 
10 1.25 0.04 0.03 
yy ia cats 0.10 124 dete 0.12 0.54 
12 2a 0.74 0.76 et 0.72 
13 ss ae ae 0,26 Ss 1.21 0.10 
14 0.08 uate 0.37 0.40 seas dete tae 
15 0.05 1.15 ).$7 0.10 0.90 0.33 6.16 
16 ee faiex 0.83 0.06 .29 0.02 0.61 
7 cae 1.81 0.73 1.46 0.02 
18 si 0.21 ae not anes 0.03 
19 i. 3.03 arent e 0.06 0.09 0.46 sued 0.57 
20 Fore 2-03 0.23 0.58 0.08 
21 eae Riche ee 0.08 1.02 0.36 0.45 
22 0.27 opi dieses 6.38 0.02 1.36 0.35 1.68 
23 Sai knat faarks 0.18 Sat 
24 0.02 ead oe 1.23 
2 ee 0.1) 
26 z soles ong seagsti 0.97 0.23 0.16 
2? nee Cg 0.05 1.22 0.27 1.23 
28 0.22 0.58 0.38 0.05 a das Sates 
23 ante 0.26 0.10 ews ashes 
30 0.22 0.24 eg 
31 wean 0.08 0.36 
MON THLY 
TOTALS §=0,.84 6.35 0.76 4.64 §.21 6.79 3.38 11.43 4.10 3.97 1.00 3,57 
TOTAL PRECIPITATION: 46.05 INCHES NUMBER OF DAYS WITH PRECIPITATION: 96 
AS 
a 
Nar 
G0 Did eens here hose ke bet ice ce be RPI Aaa den goede meen Seine ttaec Seecue tose s seen bese c ons eeeansene see deaesspescaeete 
ry . 
3 
© | f 
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{| oct | Nov | bEC | JAN | FEB | MAR [| APR | MAY | JUN | JUL | AUG { SEP | 
Table 3 and Figure 6: Daily precipitation, Marshfield weather observation station. 
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ANNUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE BUFFALO 3S WEATBER OBSERVATION STATION 


DALLAS COUNTY, NE1/4 SW1/4 SEC. 11, T. 33.N., Re 20 Ww. 

37 DEG 35 MIN 37 SEC NORTH LATITUDE, 93 DEG 05 NIN SS SEC WEST LONGITUDE 

LANO SURFACE ELEVATION: 1150 FEET ABOVE KEAN SEA LEVEL 

WEATHER OBSERVER: MRS. LOLAN HOWERTON TIME GAGE {S READ: 7:00 AM 

INSTALLATION OPERATED BY: NATIONAL WEATHER SERVICE 

TYPE DF INSTALLATION: NWS NON-RECOROING RAIN GAGE 

STATION INSTALLED 1931, 59 YEARS OF DATA OTE: xx** DENOTES MISSING DATA 


DAILY PRECIPITATION (INCHES) FOR WATER YEAR 1989 - 1990 


DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
] 0.15 Q.32 0.0} 0.04 0.26 
2 95 wees 0.02 0.02 = 
3 tees wae aan hae 1.5} wae peas 5.41 
4 Q.52 0.55 wees wate 0.87 wae wea 1.23 
5 anaes wees 0.85 wees wees eee wae 0.20 
6 0.50 wee sees wea 0.06 0.20 0.46 0.12 
7 8.23 as vee wees tees 0.24 ane nates eee wees eae hae 
8 wee 0.20 0.45 = wees wees wae tees 0.06 
9 0.15 . ee 0.52 - -: 
10 1.40 0.13 0.15 
11 . eens wee wae 0.13 wee 0.62 wee 1,64 
12 - eee wee 0.58 wee 0.70 1.19 0.05 week 
13 wee wee eae eee wee 1.66 0.79 0.67 
14 0.54 aes 2.35 0.70 wees sees aaa seer bees 
15 0.06 0.2) 0.30 1.97 0.06 0.74 0.88 0.24 
16 wees eeee wae vee 0.71 eae eee 8.72 wees wee 1.12 wees 
\7 anaes see eee 1.09 eee eee 0.72 0.33 wees wees wees wae 
18 wee rane wae 0.15 hea eae eee wees wees wees eae 0.50 
19 haa wees 0.06 sees nee 0.08 eae 0.04 0.60 wees wees 0.9) 
20 hee aaa wees 0.70 weer eee 0.09 0.60 see aaa 1.13 
21 wee eee eee wees aeee wee wane 1.02 0.74 wees eee 0.45 
22 0.12 tee 0.64 0.04 nee 0.60 0.56 as 6.26 
23 7 0.32 wees 
24 wae ee 0.82 
25 - 0.04 0.04 - 
26 eee eee wees 4.36 0.67 0.3} 
27 0.07 eee 0.08 0.73 0.17 0.20 
28 aaae teas wees wees 0.20 0.45 0.28 0.30 ae 
23 weer wees 0.26 eee 0.07 wees eae 
36 0.23 eae eaee wae wea wees eee 0.14 
31 0.08 wane vane Q.16 0.26 
MONTHLY 


TOTALS 1.04 0.72 0.73 2.50 4.30 7.82 3.93 12.21 4.61 4.78 4.93 4.57 


TOVAL PRECIPITATION: $2.14 INCHES NUMBER OF DAYS WITH PRECIPITATION: 101 


> 


uw 


Precipitation (in.) 
_ fae) 


3° 


| oct | Nov | DEC | SAN | FEB | MAR [| APR } MAY [| JUN | JUL [ AUG | SEP | 


Table 4 and Figure 7: Daily precipitation, Buffalo 3S weather observation station. 
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ANMUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE MISSOURI DEPT. OF CONSERVATION-LEGANON WEATHER OBSERVATION STATION 


LACLEDE COUNTY, SWL/4 NW)/4 SEC. 24, T. 34 .N., R. 16 W. 

37 CEG 38 HIM 53 SEC NORTH LATITUDE, 92 DEG 98 NIN 55 SEC WEST LONGITUDE 

LAND SURFACE ELEVATION: 1910 FEET ASOVE MEAN SEA LEVER 

WEATHER OBSERVER: JACKIE CLARK TUME GAGE IS READ: 1:00 PM 

INSTALLATION OPERATED BY: NISSOURT DEPARTMENT OF CONSERVATION 

TYPE OF INSTALLATION: B= INCH NON-RECORDING RAIN GAGE 

STATION INSTALLED: OATE UNKNOWN NOTE: *#=* DENOTES KISSING DATA 


DAILY PRECIPITATION (INCHES) FOR WATER YEAR 1989 - 1990 


CAY OcT NOV DEC JAN FEB MAR APR MAY JUR JUL AUG Sep 
] ois 0.19 gke. 0.02 6.2) ee 
2 0.03 0.44 git 2243 ada Or 
3 0.53 0.29 2.18 hes “ pane 
4 a More’ ceed 0,58 earn 0.46 1.53 
5 0.55 eke dealt 0.12 tears 0.25 
6 0.57 ‘ 0.09 0.10 0.46 0.07 ceo ego sia 0.68 
7 0.58 ee whupess ijk Guat ee lisesi uae 
8 0.30 a 0.02 
9 0.34 cubes 0.53 Ret 
10 . 1.29 wha 
Mi Ree fied . re 32% 17 0.02 0.33 
12 sane ee : 0.66 or 1.13 0.27 ote 0.17 
13 ee ot Peete ohare 0.4} Riis eaieace 1.04 1.00 
14 2.2) ifs 0.05 0.89 0.34 0.03 0.50 Voie cuek 
15 1.02 0.12 1.84 1.77 0.14 0.58 eee ery 0.28 
16 etre 0.07 ip asd 0.74 sci eeu ieee 
17 0.05 Sa Bee ate 2.03 0.24 0.54 glee Beane 0.03 
18 ie aie 0.0} anes Sioa 6.19 Sana Om eo atte 0.01 Taine 0.57 
13 eee 0.73 oe fits Se hindi 0.52 0.10 Rees 
20 6.07 0.88 Shuai ee 0.22 isles 0.40 0.02 
21 bee wee iach 0.58 bates 0.04 0.79 whl 0.03 0.56 
22 0.26 sae Saad 0.06 0.05 See wis ieee 0.59 
23 a wert e ee 0-16 wis tani oats oe es 
24 anys aan Poe ties 
25 0.28 0.44 0.25 
26 abe eats 0.64 eatlet 5.31 ad ieee 2.03 
27 ait eg 0.06 aes 0.18 0.23 hel nek 
29 eae ae 0,38 0.47 0.40 
29 ids 0.39 ashi hte 
30 0.30 vie essen ee Peet aagge 0.01 
31 fue 0.24 ends 0.37 
HONTHLY 
TOTALS 0.92 3.65 1.07 4,72 5.06 §.71 3.74 13.16 2.55 4.80 3.13 2.34 
TOTAL PRECIPITATION: 50.85 INCHES ; (UNBER OF DAYS WETH PRECIP{TATION: 85 
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Table 5 and Figure 8: Daily precipitation, Missouri Department of Conservation-Lebanon weather 
observation station. 
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ANNUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE BENNETT SPRING WEATHER OBSERVATION STATION 


LACLEDE COUNTY, SE1/4 SW1/4 SEC. 33, T. 35 8., R. 17 Ww. 

37 DEG 43 MIN 17 SEC NORTH LATITUDE, 92 H€G 51 MEN 1B SEC WEST LONGITUDE 

LAND SURFACE ELEVATION: 680 FEET ABOVE NEAN SEA LEVEL 

WEATHER OBSERVER: DIANE TUCKER TINE GAGE FS READ: 5:00 PM 

INSTALLATION OPERATED BY: ONR-DGLS 

TYPE OF INSTALLATION: TRU-CHEK NON-RECORODING RAIN SAGE 

STATION INSTALLED OCT 6, 1989, 1 YEAR OF DATA NOTE: %**** DENOTES MISSING DATA 


DAILY PRECIPITATION ({NCHES) FOR WATER YEAR 1989 - 1930 


DAY OCT NOV DEC JAN FEB MAR APR HAY JUN JUL AUG SEP 
1 aime . wae 0.79 0.08 6.03 weer wee wae 
2 Kam . aes eee tees 0.81 eae anes aaa aaae 
3 aitand . Q.44 0.15 0.04 1.55 eee eee 0.52 . 

4 eianiadd 0.28 0.50 wee . 0.70 weer wees 1.17 

5 RHR eae 0.06 0.4) woes wee 0.07 wees 

6 0.05 0.42 hee tes 
7 . Q.34 eee . 0.22 
B 0.30 _ 0.50 . 0.66 0.02 
9 0.32 ee 0.11 aa - 

10 _ nae t.a3 0.01 0.80 
1} - 0.07 0.0) 1.95 0.35 . 
12 . nee 0.98 0.03 0.08 - 

13 0.31 aes 0.63 wae 2.22 0.03 

14 1.45 1.32 3.35 0.20 1.30 9.02 - 
15 0.06 0.26 0.02 1.30 9.15 0.0) wae 0.4] . 
16 0.05 0.06 oe - 1.65 weer eee 0.12 

7 wee 0.02 1.07 : Q.26 0.02 wae nee 0.05 wees 
1g wee . 0.20 ann - wee wee a.&0 
19 0.05 1.50 as 0.03 wee 0.15 

20 0.02 0.09 0.74 . 9.22 0.05 
ai a 0.44 . 8.52 
22 - Q.15 - 0.74 0.06 - 0.0 

23 tees tee was wae 0.16 sees asus — 0.46 

24 wee wate wees 6.08 wee 0.64 tes 0.76 wane wae aaa ease 
25 eee wee wees 0.08 nee nee 0.04 2.80 0.38 0.04 wee wee 
26 hee sees anes wens wees wees sees ves 0.02 0.67 

27 tees sees sane seek 0.1) wee 0.54 0.20 0.0% 0.02 

28 .. - wees 0.30 0.52 0.32 0.01 aaa atee - 
29 nee 0.40 0.08 0.01 eee weer wee wae woes 
30 0.22 - 0.20 0.05 eee wees waa 0.06 
31 os Q.20 

MONTHLY 

TOTALS 0.22 1.71 1.03 3.43 4.77 2.77 4.12 9.19 3.60 5.48 3.11 2.47 

TOTAL PRECIPITATION: 46.84 INCHES NURBER OF DAYS WITH PRECIPITATION: 104 
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Table 6 and Figure 9: Dally precipitation, Bennett Spring weather observation station. 
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ANNUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE SPRING HOLLOW #} WEATHER OBSERVATION STATION 


LACLEDE COUNTY, SW1/4 NWL/4 SEC. 22, T. 34 N., RL 27 Ww. 

37 DEG 39 MIN O9 SEC NORTH LATITUDE, 92 OEG 47 MIN 48 SEC WEST LONGITUDE 

LAND SURFACE ELEVATION: 1220 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: MARK KING TIME GAGE IS READ: 8:00 AK 

INSTALLATION OPERATED BY: DNR-OGLS 

TYPE OF INSTALLATION: TRU-CHEK NON-RECORDING RAIN GAGE 

STATION INSTALLED OCT 6, 1989, 1 YEAR OF DATA NOTE: =*** DENOTES MISSING DATA 


DAILY PRECIPITATION (INCHES) FOR WATER YEAR 1989 - 1996 


OAY ocT NOV OEC JAR FEB MAR APR MAY JUN OUL AUG SEP 
1 aeekal . 0.14 0.10 0.07 0.21 wane 

2 bial : 0.48 0.02 0.08 sees 

3 soos . KaEK 1.65 Laas neue wee 

4 ila - : 0.34 anes 0.52 sane nase 2.00 

5 ARK RE 0.08 0.01 ee wees Q,40 

6 0.1L 0.17 0.46 0.06 aan 

7 0.17 . 0.05 0.32 - tee 

8 wes 0.42 ae a 

8 0.21 hee 7 0.05 0.52 

10 . - sous ee 1.52 0.02 - 
dl a wee aaee 0.02 .: 1-68 wees 0.36 
12 . wee 0.48 an 0.94 0.21 0.04 0.09 
13 re - wae wees 0:18 0.03 1.13 0.65 0.02 
14 - 0.87 . 0.01 1.02 0.46 _ - wee wea ane 
15 0.50 1,30 2.05 0.12 0.70 0.90 

16 aes 0.03 - vase 0.29 aes aeae 0.96 wee 0.36 - 
17 0.05 hee 1.05 ave wae 0.25 0.05 .e 6.0) 

18 eae 0.32 an nese tee wee see 0.16 
19 - nee Q.45 0.79 0.08 0.68 
20 1.45 . wees 0.16 0.02 0.50 0.46 sae 
21 eee ee 0.70 0.03 0.47 
22 - - 0.50 0.04 wee 0.51 0.41 0.12 
23 0.16 .- - eee wee 

24 wee 0.15 wee - wees 
25 . : 0.15 we 0.02 0.05 

26 eae wee 0.02 4,190 0.28 1.75 

27 0.03 aes 0.28 0.24 0.03 0.02 

28 0.20 0.44 0.355 0.03 

23 weee seen eae aa 0.03 . _ 

30 0.28 tase eae aes 0.18 . wee . 
31 0.05 wees eee 0.07 0.08 

MONTHLY 


TOTALS 0.38 1.57 0.00 2.97 4,03 5.70 4.02 10.97 3.16 5.25 3.96 1.90 
TOTAL PRECIPITATION: 43.91 INCHES NUMBER OF DAYS WITH PRECIPITATION: 102 


rN 


iw) 


Precipitation (in.) 
= ND 


o 
a=) 
ad 
a 


Qa 


} ocT | Nov | DEC | JAN | FEB | MaR | APR | MAY {| JUN {| JUL | AUG | SEP | 


Table 7 and Figure 10: Daily precipitation, Spring Hollow #1 weather observation station. 
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Hydrology 


ARKNUAL SUMHARY, WATER VEAR 1989 - 1990, FOR THE HOLLIS BRANCH WEATHER OBSERVATION STATION 


WEBSTER COUNTY, Sw) /4 NE1/4 SEC. 33, T. 32.N., R. 1B YW. 

3) DEG 2? RIN OD SEC NORTH LATITUDE, 92 DEG 54 HIN 55 SEC WEST LONGITUOE 

LAND SURFACE ELEVATION: 1180 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: RAY AHD BARNEY GRYANT TIME GAGE 1S READ: 8:00 AM 

INSTALLATION OPERATED SY: ONR-ODGLS 

TYPE QF INSTALLATION: TRU-CHEK NON-RECORDING RAIN GAGE 

STATION [NSTALLEG NOV 1, 19B9, 1 YEAR OF DATA NOTE: *«** DENOTES MISSING DATA 


DAILY PRECIPITATION (INCHES) FOR WATER VEAR 1989 - 13990 


DAY ocr NOV OEC JAN FEB MAR APR MAY JUN Jue AUG SEP 
} RERK or ead wea ee 0.24 ae nara 0.15 paige 

2 BAER 0.70 nes east Sees 

3 ibaa! ee he 1.95 ye 

4 ARAN 0.44 0.40 ‘ 0,60 ' 1.25 

5 REE - . and oa 0.90 

& baits z 6.12 0.16 nae eed 

7 vol iow 3 Seer 0.70 aa ate 7 

8 RAK 0.40 = 0.40 aie BG er 0.20 
.) AK Lan sta 0.82 . 

10 are 1.35 mats 0.40 
ll Ameo : - sea 1,00 : 

12 ake as 0.58 ade 0.94 0.03 
13 AME ice 4 0.44 0.93 0.22 0.60 
14 wae 1.00 eae Recs tale 0.60 aoe8 0.15 ae eae feostea 

15 hated a.19 0.30 wisps 1.85 2.25 a.a) 1.00 0.46 0.15 wade 

16 CnRX 0.15 Se 0.98 1.05 . 
V7 AE 0.10 1.65 7 0.34 0.20 0.98 

18 ARAL 0.62 0.18 a 

19 Shee ae 0.48 0.44 0.90 
20 i taslaied 1.95 oe 0.90 0.52 

2) reg ane 1.10 0.20 1.10 
22 an ee 0.19 0.60 1.10 sien 

23 kmh Lent 

24 wee 0 25 

25 anes “ 0.10 . 

26 ARAM 0.05 <aiei8 1.50 1.50 pase 
2) nnak cere ene eas eee seas 0.42 0.60 a 

28 Anee: Pr eu fiags esd Q.22 1.50 0.44 

238 Baer 0.29 deve aide 

30 ROO 0.17 0.20 
3t RAE reo 0.38 
KONTHLY 


TOTALS = xe 1.38 1.08 4.76 4.73 6.2! 3.85 10.03 3.72 3.8) 4.92 3.40 
TOTAL PRECIPITATION: 47.89 INCHES (NOV-SEP) NUMBER OF DAYS WITH PRECIPITATION: 73 
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| oct | Nov | vec | JAN | FEB { MAR | APR | May | JUN | JUL [| AUG | SEP | 


Table 6 and Figure 21: Daily precipitation, Hollis Branch weather observation station. 
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The Hydrogeology of the Bennett Spring Area 


ANNUAL SUMMARY, WATER YEAR 19BS - 1990, FOR THE SPRING HOLLOW #2 WEATHER OBSERVATION STATION 


LACLEDE COUNTY, SWi/4 NE1/4 SEC. 35, T. 34.N., R. 17 Ww. 

37 DEG 37 Mik 26 SEC NORTH LATITUDE, 92 DEG 46 MIN OB SEC WEST LONGITUOE 

LAND SURFACE ELEVATION: 1295 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: JANES E. VANDIKE TIME GAGE IS READ: CONTINUGUS RECORDER 

INSTALLATION OPERATEO BY: BDNR-DELS 

TYPE OF INSTALLATION: TIPPING GUCKET RATN GAGE AND 31 DAY EVENT RECORDER 

STATION ENSTALLEO NOVEMBER 6, 1999, 1 YEAR OF DATA NOTE: **** QENOTES MISSING DATA 


OASLY PRECIPITATION (INCHES) FOR WATER YEAR 1969 - 199D 


DAY OCT NOV BEC JAN FEA MAR APR MAY JUN JUL AUG SEP 
] eR EK Kn RK 0.80 0.2) 0.12 0.07 
2 KWH AKHRX Sti is atic 0.0) fae 0.57 bya ead fevers 
3 RANK RAR were 0.44 0.15 ete Poe 1a dG eigend ee 1.98 ora 
4 cee Ae RA rat fata 0.33 wae ae 0.0} bases, Ethie 0.50 enies 
5 yaw RRER Serr 0.01 0.14 0.14 0.35 0.12 an Beer 
6 kK Caer ee wie 0.06 0.23 Babs isa Ot sare eink ee 
7 kaa ais fiasitacd Nek ieee 0.43 ee bene weds a ike nije ers 
8 AK bate 0.10 Adee 0.05 0.02 siiiease! wives reer hats ohne 0.10 
3 Anes icpah 0.16 dias 0.20 eed 0.65 0.14 0.44 baer Bate or 
10 HARK beds Blatt woes steeee Raney 0.88 ots oees ey satya 0.11 
11 RARE aeite Shad Serie Saat 0.54 eee aeaa: 0.56 Pa 1.45 0.03 0.02 
12 RRRK wee a Ging er sat at peer 0.01 0.16 Hive 2.2) 0.17 0.17 
13 EEE 0.55 aihare Bae 0.01 0.54 0.55 ena sae 0.03 ee waite 
1a REM 3.898 a one ares 0.94 2.05 Motte 0.16 0.45 sae 
a) KKK ors ee Pei Gates 0.73 0.02 0.11 0.50 sans 0.49 
16 RANK Poy ode 0.73 madi, ihe 0.08 6.5) Pare ae 0.21 mses 
1? RAD oe Bt Sema 1.04 Pate ee 0.12 Seca ee es 0.02 
1B eeee oat ee i at ee Q.11 Shwe Satate ee i Sedie bak oe 0.30 
19 Rx Fk DAaeee eee 1.48 ate Sas Selene cick 0.65 ai yaeed Eeavats 0.41 Boas 
20 sees Pree ae Aes Bens aie 0.05 0.34 0.15 ee cdhee 0.04 
2l beara 0.15 eeend aastass 0.47 ised 0.01 0.52 edie 0.73 0.51 
22 FARK aes Rona aoa 0.26 0.06 0.0) Saris neh Bee 0.02 bias 
23 WER Wik he eons oe hls 0.02 oak . eisd 
24 sank ie Sake AOSIG?. ack? CIO Soar OI, eS) eal 
25 AHR te 0.23 Ree eee 0.61 efits 0.37 Sat 0.05 
26 ares meede ook 0.01 wee 0.06 area 3.5? 2.06 
27 Rane wae See sate 0.08 0.13 0.78 0.33 ati 
28 ARK idcaue 0.05 gree 0.11 0.29 es wart 
29 idalad eas 0.24 noi nee ateied es carts ee mers ete 
30 ee. pan ie scat 0.16 0.01 cite whee ities Pecan 0.05 
31 eatata! 0.03 eee ae 
MONTHLY 
TOTALS beeeba 4.59 0.76 3.84 4.34 S.13 3.61 10.43 1.11 6.55 3.79 1.92 
TOTAL PRECIPITATION: 46.70 INCHES (NOV-SEP) NUMBER OF DAYS WITH PRECIPITATION: 107 
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{| oct | Nov | DEC | JAN | FEB | MAR | APR [| MAY | JUN | JUL | AUG | SEP | 


Table 9 and Figure 12: Daily precipitation, Spring Hollow #2 weather observation station. 


Hydrology 


ANNUAL SURMARY, WATER VEAR 1989 - 1990, FOR THE PATTERSON SRANCH WEATHER OBSERVATION STATION 


DALLAS COUNTY, SEL/4 Swi/a SEC. 12, T. 32.N., R. 19 Ww 

37 DEG 30 HIN 02 SEC NORTH LATITUDE, 92 DEG SO MIN 34 SEC WEST LONGITUDE 

LANO SURFACE ELEVATION: 1160 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: DEATER HOLMES TIME GAGE [IS REAO: AM 

INSTALLATION OPERATED 87: ODNR-DGLS 

TYPE OF INSTALLATION: TRU-CHEK NQN-RECORDING RAIN GAGE 

STATION INSTALLED NOV 10, 1989, 1 VEAR OF DATA NOTE: &*** DENOTES MISSING DATA 


DAILY PRECIPITATION CINCHES) FOR WATER YEAR 1989 - 1990 


DAY oct NOV OEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 bela, cal Se 8S bri Sets Sd saat 0.40 0.04 Sah & ear wares 
2 ok ® soto rs A de 1.95 }.45 ate eee tow HOR K 
3 way KA ts 9g he di Mew a2’: ease eek wey Ee atal 
4 raha KREK as FS eva ae eros th fps ide 0.60 2 eae. era HK RIO 
5 HAH KAAY Jars 0.45 eee eerie oie wk mY FoR HK 
6 bie HH eens Shes iat 1.03 woes eagle B.S ade una baste 
7 RANK sok hk See Bese Ns 6.79 igh So he, ee Mae Pree KAAK KARE 
8 Aww KAR asd iS Kk RAH 
4 York K KRIKK pave res eit oo it Peck: aerate 0.30 eae’ RANK HOI A 
10 BRAK AAEM wees Sei: ee Beals 1.75 fae See Sachs AAR nARS. 
1] bale i fae tt tea o5ahs eons 0.65 hee 0.20 este 1.10 ees pies 
12 HOOK eo2¥. exaPa2 Devin ipa Seat gk 0.80 eee Matshe eKAK kA 
13 ce 0.30 0.50 bai < ns aes na cits dsctta ease AAES PARK 
14 pistes 0.52 dives sce g 1.30 ee wees 9.90 1.20 cle! RIX 
15 are 3 = 2.05 ade 0.80 ee eee NEE vases 
16 RRAK eee eke 1.20 1.75 eed 1.70 1.00 eae ib ars BARE AAS 
7 EARS tees eee 0.30 6.035 Anis Siri Leos ae eee AAR EARS 
18 Kak eee ter kee gay Akendhes, nadie Sapa a its ee eae kkk KKK 
19 paced ori 0.70 1.75 esha biusrs 0.20 ms eee dy gaa NAAR 
20 beach 0.11 oe Hike ies Sock ae 0.20 eee sete NERS RRR 

“2h sada tae ae size sie sete wives 1.30 wate 0.25 BERS EER 
22 MEER nee sane saa 0.55 Ae Ses see Saou te arafece ies SAEs 
23 ies and anes Dae Sins eee ome lay SaGus eas BAIS co etas 
24 MARX sii See Q.15 eat 1.25 Se Bete oat aioe EESE tag 
25 REX eee he % 0.10 aie oe sash a Sas 0.90 ahaa la FERS 
26 RRR eee pons ahs ate Mahe ahaa ay Scere 0.45 0.80 ERE sat kd 
27 Sidi Sey eet anid adoah i aca 0.50 2.45 rsa He wh KERR SET R 
28 AKER eae ee om 0.45 a dese nan as ies Sasa *aRe Soke 
29 het aie Beek Laid 0.55 eae ates od jduae’ ERE PEER 
30 AES seas 0.80 eo eidte eae sts Saul Sales Meaty ale HRA 
31 alah: rene 0.20 i28 ie baad cha! 

MONTHLY 

TOTALS =m 0.93 2.00 3.50 5.45 §.83 4.60 9.40 3.74 3.35 a ERE? 

TOTAL PRECIPITATION: 39,80 INCHES (NOY-JUL) NUMBER OF DAYS WITH PRECIPITATION: 49 
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Table 10 and Figure 13: Daily precipitation, Patterson Branch weather observation station. 
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The Hydrogeology of the Bennett Spring Area 


Precipitation (in.) 


ANNUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE LOUISBURG WEATHER OBSERVATION STATION 


DALLAS COUNTY, NE1L/4 SE)/4 SEC. 15, T. 35.N., R. 20 VW. 

37 DEG 26 MIN 36 SEC NORTH LATITUDE, 93 DEG 07 MTN OL SEC WEST LONGITUDE 

LAND SURFACE ELEVATION: 1170 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: DENNIS AND SUE JOHNSON TIHE GAGE IS READ: 10:00 AM 

IMSTALLATIOM QPERATED BY: ONR-DGLS 

TYPE OF INSTALLATION: TRU-CHEK NON-RECORDING RATN GAGE 

STATION INSTALLED OEC 11, 1989, 1 YEAR OF BATA NOTE: **** OENOTES MISSING DATA 


DAILY PRECIPITATION (INCHES) FOR WATER YEAR 1989 - 1990 


DAY Oct NOV DEC JAN FE MAR APR MAY JUN JUL AUS SEP 
1 HOR IK xk RIK lex 0.21 tits fot ts er tet Bd 0.04 
2 AGH RHR latatad save 0.49 Lite mates ahs 0.22 2 sae Bags 
3 WKRK KHER katy sy kes 0.17 ba he iene £.24 widtave egies \.27 
4 200K HHI HHH 0.50 0.23 wae steed 1.26 yeas dates ote 
5 HA IOK cerry KH eee HERE dees ae axa as 
6 pail WARK keke waste 0.15 0.29 eases ecbzet Deiat 0.92 Sess 
7 Faw KKK JO Ke Hares KK 0.4} Bes er ed 08 pes oaks wa we 0.83 
) FO KRK ARES peer Hew 0.28 ran area eine Aare vEas 
| WRAY WARS BERK Stee 0.28 a erie aoe hares 0.72 a canes 
10 KAKK RAKE FORK dente ASSES eee 1.00 Paar le foes re eee Sales. 
1) MRK eee, atone atraft tal ous tM lea3 ae = eters ‘gies 1.30 aeatay 0.44 
12 AKERS uals Shiels Pees aoailvte On7) saere Serene ankle 0.70 0.13 
13 KER? batalatal ve eae 0.18 Lie? Soja Gy 
14 PEN AEAK oi 1.60 1.02 41.73 2.15 
15 HARE KKEK 1.45 1.75 0.05 0.37 
16 shoot kkk Ss 0.12 he 1.14 
V7 SRES EEK ay 6.64 ae alia agree ices 0.30 yaa tesa Slee 0.32 
18 Lalalael KKK saree 0.03 aie e ein nid vibes 0.28 ee eee does 1.24 
19 Hee KAA menace 0.06 ghese 0.42 0.03 aes 0.72 tiga eee igedele 
20 KARE REK 1.78 Saale 0.27 eh 0.72 
21 Rees RIAN wale a 0.93 0.52 
22 NER SN ses wyeners 6.65 eae fob a ies 0.50 34 
23 takai RHRK vee Bie 0.42 SieAve 0.05 pee 
24 RAAT WARK ‘ sie aie eee nas 0.10 
25 KER RRRK . 1.43 0.40 ¢ 
26 AREX AKAN Seiais Sits 0.06 aes Sere 0.78 0.34 
2? KOK WHA K Bere seek 0.18 are 0.15 0.91 aagt Ba 
9B Yoic KR ak ae ae 0.37 Bae 
29 eee KKwM 0.42 Mee 0.83 Seda acbeees ipovars aa sey ewe 
30 RK Kare 0.01 ounce 0.09 ioe 0.29 ition or kis 
31 xRa Siew ae re ate faces 
MONTHLY 
TOTALS PRE a ee 0.43 3.03 4.41 6.29 3.12 9.17 6.00 aoi8 1.44 2.92 
TOTAL PRECIPITATION: 42.07 INCHES (DEC-SEF) NUMBER OF DAYS WITH PRECIPITATION: 71 
3 
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Table 11 and Figure 14: Daily precipitation, Louisburg weather observation station. 
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Hydrology 


ANNUAL SUMMARY, WATER VEAR 1989 - 1990, FOR THE JONES CREEK WEATHER OBSERVATION STATION 


DALLAS COUNTY, SE1/4 SE1/4 SEC. 3, T. 32.N., R. 1A. 

37 DEG 30 KIN 57 SEC NORTH LATITUOE, 92 DEG 53 KIM 31 SEC WEST LONGITUDE 

LAND SURFACE ELEVATION: 1212 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: ROY KNIGHT TIME GAGE IS READ: 98:00 AN 

INSTALLATION OPERATED BY: ONR-OGLS 

YVPE OF INSTALLATION: TRU-CHEK NON-RECOROING RAIN GAGE 

STATION [NSTALLEO JAN 1, 1990, O YEARS OF DATA NOTE: **** QENOTES MISSING BATA 


DAILY PRECIPITATION (INCHES) FOR WATER VEAR 1989 - 1990 


BAY OCT NOV DEC JAN FEB MAR APR MAY UN JUL AUG SEP 
} cial! RARE alates sans 0.56 0.24 eas 0.14 Q.22 
2 hae TREK KAEK roe” feta ss ee ise a eee oaks joie wees 
3 AER ails bah 0.46 0.16 Cnes See 1.75 eave pets 1.50 
4 fhe Salatel eAKK matic gr iene eee ore 1.82 Jie ree 0.56 ras 
5 wee soko de ke a elas eile 0.20 0.60 
6 AMER CK REXE re 0.12 see sae 0.06 wae rene tae 
7 Sen Bitte tebe ease vee 0,94 saan Pree: sess eee eee 0.10 
) alels Lalalaiel bets aie re 0.14 cori ee pas Bias snes ease 
9 tale eee REET anes 0.40 sane eer 0.03 0.62 gar’ eeae rns 
10 RRAN Salata RHAKK eats wince ee 1.65 Roads Pais or ae 0.70 
M HREM RRS AS ie died 0.66 skies Sanat ae ,.44 aaa eee Heer 
12 KES su Sed SAAR hea aes 0.90 ey 1.14 din Highs 0.80 0.32 
13 EAR balks RRAK rs Vises 2.00 0.50 Peer re 0.45 ender saci 
14 lata soreK wHKK eae 2 ies ees Bees 0.06 0.348 0.25 Pte 
15 RERK WARE RAK eietala 1.70 peers 0.10 0.70 Liters re 0.70 
16 ARE Anke BERK 0.36 Sos eae 0.50 1.24 eeolte Pag 0.10 a cate 
17 RARE LB aes ERE 1.87 cate ae 0.86 Petes ara one bhd'y 0.07 
16 Ree mE K RANK cre Zeanes eee dates 0.20 ens Sens hea 1.05 
13 ExKe REE igo 1.75 anne 0.13 Ries 0.50 0.46 aaa 0.45 wie lees 
20 i bas Bees KKK eee wea ee 0.18 er 1.00 marek eee 0.13 
21 ining KEELE REAR nian eae fe eielis 0.17 2.30 oe 0.22 ons 0.82 
22 ERE RAE SRAX ane 0.50 sane wale Dake 0.80 0.94 eee es 
23 KnKe RRES RRA 0.02 0.18 1.36 ees ae 
24 eRe Rane RAR oak aoe: See eee eee eae Y aves 
25 REER AK es 3 ke aie Be wucedd Kote pees 0.26 0.17 
26 Anne ERAS REE hea anne hee 0.01 1.63 0.22 2.08 eee eae 
27 xen SARE epics saan 0.14 aia k 1.16 0.82 Was sans ieee Nese 
28 deals SEN wank nee 0.16 0.52 Bike Ses not iota waved ives 
29 aeEe spaiaes ieee! wea teas wats Q.12 ver woes tees 0.18 
30 aes REISE eREe tee 0.75 0.08 er Sei 
2 THER ARE eee Bre 8.08 
MONTHLY 
TOTALS = **™x MRK AKER 4.46 4.26 7.84 5.41 12.35 3.90 $.45 4.1) 3.37 
TOTAL PRECIPITATION: 51.55 INCHES (JAN-~SEP) NUMBER OF DAYS WITH PRECIPITATION: 8i 
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Table 12 and Figure 15: Daily precipilation, Jones Creek weather observation Station. 


The Hydrogeology of the Bennett Spring Area 


ANNUAL SUMMARY, WATER YEAR 198% - 1960. FOR THE STEINS CREEK REAR ORLA WEATHER OBSERVATION STATION 


LACLEDE COUNTY, SE1/4 We1/4 SEC. 2, T. 32.N., RL 15 ¥. 

37 GrG 30 MIN 53 SEC NORTH LATITUGE, 92 DEG 32 HIW 55 SEC WEST LONGITUDE 

LANO SURFACE ELEVATION: 1165 FEET ABOVE HEAN SEA LEVEL 

WEATHER OBSERVER: RALPM MASSEY TIME GAGE IS READ: 6:00 Px 

INSTALLATION OPERATED BY: ONR-OGLS 

TYPE OF JNSTALLATION: TRU-CHEX NON-RECORDING RAL GAGE 

STATION {NSTALLEO JAN 11, 1990, 0 YEARS OF DATA NOTE: **44 OEROTES HISSTHG DATA 


DAILY PRECIPITATION (INCHES) FOR WATER YEAR 1989 - 1990 


DAY ocr nov OEC JAN FEB HAR APR MAY JUN JUL AUS SEP 
Ll BRAN week Reem eed 0.82 Bs aoe achat Me 6.02 O.14a 

2 WRAA ORR RAR RARK ate ate ese £ a ihe ain i ag Pa ne 

3 BADR AIRE home ase 0.22 rid te a: Bate 1.95 

4 Pwr) AO RAO KARR adbexe aetbsce eee 0.36 4.20 

$ eA eK aAKe iclelaia eee 0.24 0. 26 - 

6 wee wane RRKK iiatetas 9.07 pees Aarne any er 6. 48 wes aia 8 
7 WHA etadatel pages Sata 2b ieen 0.56 Sere eodane nea Ree Seed boda 
8 mone mRAN atl ROA ga 0.06 eats vials Lap ee wis 0.28 
7) Beed Meas ee igi 0.50 or ah fore Bae 0.80 eae oe en 
10 nak ee RERK HIAKK ere ro 3.26 

W AHR Awe name erates ance 0.56 ask ae: eoan 1.05 0.05 0.30 
12 pce REE KAR diene arate oe 0,40 0.90 wise 0.45 0.10 
13 nena aaed RET. aos aed Syste eee Sates wives 0.58 hye 
14 pabtie anAn AEA Waris Sovias 0.50 0.09 0.03 0.48 orn Ne 

15 NIEAe RAE EERE 9.20 1.90 0.86 ahaa 0.66 ig e aad 0.60 

16 pelo AA AR SERS 1.30 ee wae 0.26 0.62 eer 0.42 

7 re rane PPE Seah E eee re 0.70 oats oaee iit 
16 EBEX ARS Gag rains eee 0.11 fate 14a Seah 1.15 
13 Cher ies MAAS 1.76 epee 0.62 0.05 0.24 Boe 
20 AEA ARES orae 0.12 anti 0.02 0.65 

2) ane See aaae ded 0.58 oie chase 1.00 Pees 0.22 Sete 0.94 
22 RRR ARR RRR eae 0.03 6.06 0.02 partes 0.70 0.02 

23 AANA RARA RAS Reiens ai a es debane i dant 0.70 maa vane aa 
24 KARR nAAK RARAA eee Abas’ 1,00 

25 RERP PWRR RARE 0.04 

26 BEAK Ste ipiciate teae rors re 5th 2.25 wens L.dS 

at At HARE REAR ain 0.06 a.42 0.22 0.56 Sites 

29 RAK RERS RAR A ate 0.46 SNe eyes aid ener 

29 RRR FERS RAK Bok be are analy pate bert wise hess Saks 
30 atts TAR sek oe 0.48 0.19 nase Hake asta ee 0.22 
31 BREE BEAK Bhiee ee 0.08 ates re 
MONTHLY 
TOTALS = -Ax*X REAR REAR 3.62 4.64 4.85 2.70 9.7? 3.52 3.74 2.72 3,99 
TOTAL PRECIPITATION: 39.15 INCHES (JAN-SEP} NUMBER OF DAYS WITH PRECIPITATION: 72 
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Table 13 and Figure 16: Daily precipitation, Steins Creek near Orla weather observation station. 
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Table 14 and Figure 17: Daily precipitation, North Cobb Creek weather observation station. 


ANMUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE NORTH COB@ CREEK WEATHER OBSERVATION STATION 


LACLEOE COUNTY, NWL/4 NwL/4 SEC. 93, T. JON, RK, 
37 O£G 37 MIN 18 SEC NORTH LATITUDE, 92 DEG 34 HIN Sd SEC WEST LONGITUDE 


LANO SURFACE ELEVATION: 


WEATHER OBSERVER: 
INSTALLATION OPERATED 8Y: 
TRU-CHEK NON-RECQROING RAIN GAGE 


TYPE OF JNSTALLATION: 
STATION [NSTALLED FEB 26, 1990, 0 YEARS OF OATA 
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¢.00 
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JAN 


Data 
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0.50 
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ANNUAL SUMMARY, WATER YEAR 1989 - 1990, FOR THE LONG CANE WEATHER OBSERVATION STATION 


DALLAS COUNTY, NW1/2 NE1/4 SEC. 33, T. 34.N., R. 18. 

37 GEG 37 MIN 46 SEC NORTH LATITUDE, 92 DEG $4 MIN 32 SEC WEST LONGITUDE 

LAND SURFACE ELEVATION: 1205 FEET ABOVE MEAN SEA LEVEL 

WEATHER OBSERVER: MICHELLE JONES TIME GAGE IS REAQ: 8:00 AN 

INSTALLATION OPERATED BY: ONR-DELS 

TYPE OF FNSTALLATION: TRU-CHEK NON-RECORDING RAIN GAGE 

STATION INSTALLED MAR 1, 1990, 0 VEARS OF DATA NOTE: **** QENOTES MISSING DATA 


BAILY PRECIPITATION (INCHES) FOR WATER YEAR 19B9 - 1990 


DAY OcT NOV OEC JAN FEB HAR APR MAY JUN JUL AUG SEP 
1 Ok Pt rd YOO KK Keke cece 0.01 C.06 waae ane wees wens 
2 RKAK ROK kK KAKK wok wees weee wees 0.07 wees 
3 XH K 210K aA OHIO kK A vase tees 1-75 wees 0.60 
4 kek stk HORAK ke ikke hace cuee 0.7) teee 0,10 1.00 
5 FOR OK IO tok KAKK yo eae 0.48 0.10 nea 0.07 
6 sok A sek Hk KRENK Yok IOk Pers leee weep 0.22 tees eae 0.903 baas 
7 BH kee HK K REKK wHRK 0.28 aan aaa wees eens wees 0.07 
8 doer KKEK eH wR ko 0.62 weae cease wana 
4 KK FORO HK KK wk WOK seas aeas wees 0.38 
10 tok sc KEK kak fokeok eeEK aeae 1.35 
11 doh Kee AH OI tok ek weee 0.17 eeee teas 1.40 0.07 anes 
12 KRKK KEKE Keke HK x kxKK 0.56 wece wees wean 0.28 aus 0.30 
13 OOK yoke kk ike YOOX 1.76 0.15 6.90 woes 0.49 0.22 wae 
j4 sek do RaKK KI AK Yok kk Kak 2.17 0.66 nae awe 0.95 0.04 saee 
15 WOK wCROK KKK RKHY RIK waee cease 0.76 6.41 0.10 wane ae 
16 AK Woe FOI KKK 700 weee 0.15 0.70 Q.32 wees 0.46 wae 
17 Press See deka WOK FO IOK naa 0.27 0.27 baae nae 0.09 1.25 
1e AAKRK AO tok yok mae 0.12 0.02 aoe awe wwe naa wae 
19 KKK KRKK KAKK ARK wok K caus wane 0.60 1.10 eens wee sees 
20 sh HHKK KKK KKK kok wees 0.14 hoes wees ease 0.70 0.52 
21 Pana ke kk KK Xoo aaes ceaa 0.98 ace wees 0.05 0.07 
22 OOK SOR IK yo kk oo 0.05 weee weae eaae 0.30 - 
23 kK KK EAKK Amy wed wees sae wean 0.50 0.05 
24 1K AM KICK kA doko Sedo a waae wean a wee 
25 kak tke ba aKIK RRKK secs 0.83 aaa 0.28 0.06 
26 Sede gk FO IO vedo Co HOR IOK nea 0.56 0.85 - 
27 KKH Pk IK tok Honan KKK 0.80 baa 0.02 . 
or) KOK 1KIOK YI IOK BARK kiko 0.70 0.38 4.25 wees . 
29 kee kK ra RRA 0.07 aes sean 
30 se wt KKK RAO KKK 0.11 0.02 eae anaes wae 
31 ERKK KRKK EK 0.16 0.2) aes 

MONTHLY 


TOTALS =H rkKK KHER ake aaa 7.40 4.30 11.51 3.06 3.70 3.33 2.2) 


TOTAL PRECIPITATION: 35.52 INCHES (MAR-SEPT) NUMBER OF DAYS WITH PRECIPITATION: 73 


a td 
Mar. 


Precipitation (in.) 
aa nN 


Be 
‘a 
a q 


So 


{| oct | Nov | Dec {| JAN | FEB [| MAR | APR | MAY | JUN | JUL | AUG | SEP | 


Table 15 and Figure 18: Daily precipitation, Long Lane weather observation station. 


Four temporary gaging stations were installed 
on three losing streams in the study area to study 
rainfall-runoff relationships in losing-stream water- 
sheds. Compact electrical pressure sensors, called 
pressure transducers, and digital electronic data 
recorders called dataloggers, were installed to 
measure when surface-water runoff occurs, and to 
estimate the runoff volume. A pressure transducer 
js asmall, pressure sensitive electronic device that 
can measure water depth (photo 6). Transducers 
capable of measuring water depths from zero to 
about 45 feet with an accuracy of about 0.05 feet 
were installed in 1.2-ft high, 4-inch diameter slotted 
PVC housings, and anchored in 50 pounds of 
concrete about 3 feet below grade In the stre 
ambeds (photo 7). Transducers were placed below 
the beds of Fourmile Creek upstrearn from Route P 
in Dallas County, in Goodwin Hollow at the Lester 
Evans farm just northwest of Lebanon, and in 
Spring Hollow at the King farm. A fourth transducer 
was installed in the bank of Spring Hollow about 
200 feet upstream from Bennett Spring in Bennett 
Spring State Park (fig. 19). 


The pressure transducers were attached by 
buried cable to dataloggers installed on the valley 
walls above flood level (photo 8). The cable was 
placed through 0.625 inch ABS pipe to protect it 
from abrasion, The dataloggers were instalfed in 
5-foot lengths of 6-inch diameter, 0.188-inch thick 
steel pipe with the lower 2 to 3 feet of the pipe 
buried. The transducer cable entered the 
datalogger housings below ground level, and were 
attached to the dataloggers (fig. 20). 


Dataloggers are small, self-contained, com- 
puter-controlled devices that provide power to, 
and receive and store data from, the pressure 
transducers. The dataloggers are programmed in 
the field using a portable computer to enter day, 
month, and time data, transducer specifications, 
data-collection interval, and starting time (photo 
9). The portable computer is also used to read 
data from the datalogger. The datalogger- 
pressure transducer installations were programmed 
to activate each 60 minutes, measure depth of 
water in the channel, record the value, then deac- 
tlvate. Internal memory and battery packs in the 
dataloggers are capable of recording three months 
of data taken at 60-minute intervals. 


The datalogger-pressure transducer installations 
measure stream stage or the depth of water in the 
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channel, not flow rate. Stage-discharge relation- 
ships must be established to develop a rating table 
forthe gaging site. Todo this, discharge measure 
ments were made at the gaging installations using 
acurrent meter when there was flow in the sueams, 
and the discharge was plotted against stage height. 
Discharges too small to measure were visually 
estimated. Unfortunately, because of infrequent 
flows on these losing sueams, only a relatively 
small number of measurements could be made 
during periods of low and moderate flow. Mea- 
surements during high-flow periods when water 
depth and velocity were too great for wading were 
not possible. The discharge measurements were 
generally adequate to develop a reasonably accu- 
rate stage-discharge relationship for low and mod- 
erate flows, but an indirect method was required to 
estimate high discharges. 


Awater-surface profile computer program, HEC- 
2, developed by the U.S. Army Corps of Engineers 
Hydraulic Engineering Center, was used to develop 
high-discharge stage-discharge relationships for 
several of the pressure transducer-datalogger 
installations. To do this, several channel cross- 
sections were surveyed upstream and downstream 
of the gaging installation cross-section. A HEC-2 
option uses cross-section data, distances between 
cross-sections, channel and over-bank roughness 
characteristics, and other information to calculate 
water-surface profiles at selected flow rates. Stage- 
discharge values calculated using indirect methods 
are seldom as accurate as those measured. 
However, they provide a reasonable approximation 
of flows occurring during high stream stages. 
Also, high flow rates on these streams do not 
occur often, and when they do they seldom last 
more than a few hours. Thus, even significant 
errors in estimating discharges at high stages will 
not greatly change yearly runoff estimates. 


HEC-2 was not used to calculate high-flow 
stage-discharge relationships for the installation 
on Spring Hollow just upstream from Bennett 
Spring. Here, the Spring Hollow channel is very 
shallow. Even during dry weather there are shal- 
low pools in Spring Hollow upstream from Bennett 
Spring, but a short distance farther upstream the 
channel is irregular, poorly defined, partly choked 
with trees and brush, and typically dry. Channel 
conditions such as these make indirect flow esti- 
mates using HEC-2 very difficult. Instead, high- 
stage discharges here were estimated using the 
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A pressure transducer-datalogger installation con- 
sists of a pressure transducer which measures the 
pressure of water exeriedon a membrane in the probe, 
and a datalogger, which records the pressure al 
preselintervals. The transducer (Photo 6., upper left) 
is placed tna protective PVC housing (Photo 7., below 
left} that is anchored in concrete and buried beneath 
the streambed. A buried cable connects the pressure 
Wansducer with the datalogger (Photo 8., above), 
which is housed in a steel casing. A hand-held 
computer (Photo 9., right) is used to program and 
read data stored in the datalogger. 
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Figure 19: Datalogger-pressure transducer surface-waler gaging stalions. 
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Figure 20: Diagrammatic cross-section showing typical dalalogger-pressure transducer gaging stalion installation. 
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U.S. Geological Survey rating table for Bennett 
Spring, which has a maximum stage height of 
11.2 feet and a maximum discharge of 14,800 
ft?/sec. The Bennett Spring rating table reflects 
total flow In Spring Hollow below the spring, not 
just the flow contributed by the spring. It was 
assumed that Bennett Spring maximum discharge 
is 1000 ft?/sec, and that flows above this were 
surface-water runoff from Spring Hollow. 


There were several problems with some of the 
datalogger-pressure transducer installations; some 
were due to electrical problems with the equip- 
ment, others were caused by harsh and unusual 
environmental conditions. Two data loggers were 
rendered inoperable from high-voltage surges, 
probably due to nearby lightning strikes. Trans- 
ducers at two of the sites were badly damaged 
when deep scouring of the streambeds during 
flash-flooding dislodged them and carried them 
downstream, damaging the electronics in the trans- 
ducers as well as over-stretching the cables. Un- 
fortunately, time and budgetary constraints 
did not allow for replacing or immediately 
repairing the damaged equipment. 


Channel characteristics of these losing streams 
created additional problems. Ideally, a gaging 
station on a small watershed should be sited 
upstream of some structure that provides vertical 
control of stream discharge, such as a low dam, 
weir, or bedrock outcrop. Gravel-bottomed stre 
ambeds change during flow events; zero-flow el- 
evations may increase or decrease, depending on 
whether gravel is removed or deposited, requiring 
frequent adjustment of the rating table. Despite 
these problems, flow data gathered from these 
streams provides valuable information about the 
runoff characteristics of major losing streams in 
the Bennett Spring area. 


Both gaging stations installed on Spring Hollow 
operated continuously through water year 1989- 
1990. Spring Hollow at the King farm, about 1.5 
miles downstream from Highway 32 and 8.3 miles 
upstream from Bennett Spring, has a drainage 
area of about 14.95 mi’, There is seldom flow in 
this reach of Spring Hollow; the channel is irregu- 
lar and floored with coarse gravel, cobbles, and 
boulders. From October 1, 1989 through Septern- 
ber 30, 1990, there were 96 days when flow in 
Spring Hollow averaged 0.01 ft/sec (5 gallons per 
minute) or more. There were 33 days when 
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average daily flow exceeded 1 ft?/sec (448.8gpm). 
For 269 days, including all of October and Decerm- 
ber, 1989, and Septernmber, 1990, there was no 
flow in Spring Hollow at the King farrn (table 16). 
Approximately 90 percent of the runoff occurred 
during March, May, and July. May runoff alone 
accounted for 70 percent of the total due to 
numerous rainstorms including one where rainfall 
exceeded 4 inches. 


Precipitation during water year 1989-1990, 
measured at Spring Hollow #1 precipitation sta- 
tion 1,200 feet east of the gaging station and at 
Spring Hollow #2 precipitation station 2.5 miles to 
the southeast, averaged 45.5 inches, about 4 
inches greater than normal. Total water-year 
runoff from Spring Hollow watershed above the 
gaging station was about 2.23 watershed inches, 
about 12 to 13 watershed inches less than would 
be expected from a gaining stream with this yearly 
rainfall amount. 


Figure 2% is a hydrograph of Spring Hollow at 
the King farm showing average daily discharge for 
the water year. The hydrograph shows runoff 
generally occurs only briefly in response to heavy 
precipitation. The major flood which occurred on 
Spring Hollow in late May, 1990, resulted frorn 
nearly 4 inches of precipitation. Data from the 
recording rain gage statlon in Spring Hollow 
showed that 3.90 inches of precipitation fell be- 
tween 2300 hours on May 25, and about 0400 
hours on May 26. Soil in the area was already 
saturated from about 6.5 inches of rain that had 
already occurred in May. At 0300 hours, May 26, 
Spring Hollow was flowing about 1.6 ft?/sec; water 
depth was a few inches. An hour later water depth 
In the channel at the gaging station was 7.12 feet, 
and flow was an estimated 2,450 ft?/sec. Peak 
recorded flow occurred at 0500 hours at approxi 
mately 2,840 ft?/sec with a depth of 7.6 feet. Flow 
tapidly decreased from 0600 hours with the stage 
declining as much as 2.2 feet per hour. By 0400 
hours May 27, 24 hours after the flood began, 
discharge had decreased to about 22.4 ft?/sec, 
and water was less than a foot deep in the channel. 


Discharge and runoff characteristics are quite 
similar for Spring Hollow just upstream from 
Bennett Spring, with a drainage area of 42.5 mi’. 
Here, during water year 1989-1990, data showed 
there was 196 days when average daily discharge 
was 0.01 ft/sec or more, and 63 days when 
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SUMMARY, WATER YEAR 1989 - 1990, SPRING HOLLOW AT KING FARM GAGING STATION 


LACLEDE COUNTY: SE1/4 NEL/4 SEC. 21, T. JO NL, R217 RL 
37 DEG 39 mIN O8 SEC NORTH LATITUDE, 92 DEG 48 BIN 03 SEC WEST LONGITUDE 


LAND SURFACE ELEVATION: 1086 FEET ABOVE MEAN SEA LEVEL. MEASURING POINT IS ADJUSTEQ HINLSUM STREAMBED ELEVATION 
DRAINAGE AREA: 14.95 SQUARE MILES, 9568.0 ACRES 


TVPE OF [NSTALLATION: THOR DATA LOGGER AND PRESSURE TRANSOUCER RECOROER INSTALLED IN 1989, 1 YEARS OF OATA 


AVERAGE OAILY OTSCHARGE (CUBIC FEET PER SECONO), WATER YEAR 1989 - 1990 


DAY oct NOV SEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.30 0.00 0.00 9.00 
2 0.00 0.00 0.00 0.00 0.00 0.02 6.02 0.00 0.04 0.00 0.00 0.00 
3 0.08 0.00 0.00 0.00 0.00 0.00 Q.01 25.80 0.04 0.00 4.7) 9.00 
4 0.00 0.00 0.00 0.00 0.00 0.01 0.01 17.61 0.03 0.00 3.38 9.00 
5 0.00 0.00 0.00 8.00 0.00 0.03 0.00 $.10 0.02 6.00 0.02 0.00 
6 0.00 0.00 0.00 0.00 0.00 0.02 0.00 4.72 0.0} 0.00 0.00 0.00 
} 0.00 0.00 0.00 0.00 0.00 0.01 0.00 3.58 0.00 0.00 0.00 0.00 
8 0.00 0.06 0.00 0.00 6.00 0.04 0.00 3.2) 0.00 0,00 0.00 0.00 
9 0.00 0.00 0.00 0.00 0.00 0.05 0.00 2.99 0.00 0.00 0.00 0.00 
10 0.00 0.00 0.00 0.00 0.00 0.12 13.34 1.78 6.00 0.00 0.00 0,06 
i 0.00 Q.00 0.00 0.00 0.00 0.18 4.52 1.38 0.00 0.00 0.00 0.00 
12 0.00 0.00 0.00 0.00 9.00 0.2) 1.97 2.40 0.00 69.18 0.00 0.00 
3 0.00 0.00 0.00 9.00 0.00 0.25 1.16 0.49 0.00 2.89 0.00 0.00 
14 0.00 0.00 0.00 0.00 0.00 65.57 88 0.83 0.00 0.01 0.00 0.00 
15 0.00 1.71 0.00 0.00 0.0} 40.40 0.9 2.11 0.00 6.00 0.00 0.90 
16 0.00 0.01 0.00 0.00 9.00 5.30 0.37 2.15 0.00 0.00 0.00 0.00 
Vy} 0.00 0.01 0.00 0.00 0.00 2.6) 0.25 0.00 0.00 0.00 0.00 0.00 
14 0.00 0.01 0.00 0.00 0.00 114 0.16 0.0 0.00 0.00 0.00 0.00 
19 0.00 0.01 0.00 0.00 6.00 0.41 0.12 G.11 0.00 0.00 0.00 0.00 
20 0.00 0.01 0.00 0.00 0.00 0.24 0.07 0 0.00 0.00 0.00 0.00 
21 0.00 0.00 0.00 0.00 0.01 0.19 0.05 2.16 0.00 0.00 0.00 0.00 
22 6.00 0.00 0.00 0.00 0.03 0.13 0.04 0.68 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.01 0.02 2.04 6.03 1.37 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.01 0.0) 0.02 0.02 1.69 0.00 0.60 0.00 0.00 
25 0,00 0.00 0.00 0.00 0.00 0.01 0.00 2.28 0.08 0.00 0.00 0.00 
26 0.00 0.00 0.00 0.00 6.00 0.00 0.00 490.77 0.00 21.67 0.00 0.00 
27 0.00 0.60 0.00 0.00 0.00 0.00 0.00 17.64 0.00 0.08 0.00 0.06 
28 0.00 0.06 0.00 0.06 0.60 0.00 0.00 5.98 0.60 0.00 0.00 6.00 
23 0.00 0.00 0.00 0.00 ae 0.00 0.00 2.42 0.00 0.00 0.00 0.00 
30 0.00 0.00 0.00 0.00 AP ae 0.00 0.00 0.93 0.00 0.00 0.00 a.00 
31 0.00 tare 0.00 0.00 aie 0.090 voce 0.25 ips 0.00 0.00 Sens 
MIN 0.00 0.00 0.00 0.0 0.08 0.00 0.00 0.00 0.00 0.00 0 0.08 
MAX 0.00 \1.7] 0.00 0.01 0.03 65.57 13.34 490.77 0.10 69.18 4.7) 0.00 
AVG 0.00 0.39 0.00 0.90 0.06 3.77 0.83 19.36 0.01 3.03 0-26 0.08 
RUNOFF : 
AC-FT 0 23 0 0) 0 232 50 1191 0 166 16 0 


INCHES 0.00 0.03 0.00 0.00 0.00 0.29 0.06 1.49 0.00 0.23 0.02 0.00 


WATER VEAR EXTREMES: MINIMUM - 0.00 (OCT 1), MAXIMUM - 490.77 (KAY 26), AVERAGE - 2.35 
WATER YEAR TOTAL RUNOFF: 1698.4 ACRE-FEET, 2.13 WATERSHED INCHES 


Table 16: Average daily discharge, Spring Holiow at King Farm, water year 1989-1990. 
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average daily discharge was above 1.0 ft?/sec. 
There were 169 days when there was no measur 
able flow (table 17). 


The May 26, 1990, flood did considerable dam- 
age at Bennett Spring. Spring Hollow discharge 
began increasing at about 0300 hours; increasing 
from about 4.5 ft?/sec to 28.3 ft?/sec by 0400 
hours. At 0500 hours, discharge was about 337 
ft?/sec. Major runoff reached Bennett Spring by 
0600 hours. Water depth in the pool on Spring 
Hollow immediately upstream from Bennett Spring 
increased from 1.7 feet deep at 0300 hours to 7.29 
feet deep at 0600 hours, when the flow was about 
5,940 ft?/sec. Peak recorded flow occurred an 
hour later at 0700 hours when it reached an 
estimated 11,000 ft?/sec. Maximum recorded water 
depth in the pool above Bennett Spring was 9.60 
feet. Overbank flooding along Spring Hollow down- 
stream from Bennett Spring damaged some park 
property, and removed a section of road at the 
bridge crossing near the northem end of the park. 


Total runoff from Spring Hollow upstream from 
Bennett Spring was about 2.54 watershed inches 
in water year 1989-1990, slightly more than mea- 
sured upstream from the gaging station at the 
King farm. The volume of runoff was considerably 
greater because of the larger drainage basin, 
about 5,760 acrefeet at Bennett Spring versus 
about 1,700 acrefeet at the King farm. The 
hydrograph of Spring Hollow upstream from 
Bennett Spring for water year 1989-1990 is shown 
in figure 22. Although the discharges are greater 
than at Spring Hollow at the King farm, the rainfall- 
runoff responses are quite similar. Duration of 
flow is greater at the downstream station, but there 
are instances where flow recorded at the King farm 
was lost underground, and did not reach the 
gaging station upstream frorn Bennett Spring. 


Fourmile Creek, a Niangua River tributary up- 
stream from Bennett Spring State Park, drains a 
27.5 mi? area in east-central Dallas County. Itisa 
gaining stream in that part of the watershed in the 
area south and southwest of Long Lane. During 
dry periods, flow disappears into the subsurface 
about 3/4 mile upstream from Highway 32, and 
the stream is typically dry for about the next 2 
miles downstream. Here, small springs discharg- 
ing into Fourmile Creek provide perennial flow for 
a distance, but about 1.5 to 2 miles upstream from 
its mouth, flow again disappears into the subsur 
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face, and the stream remains dry muchofthetime 
in the rermnainder of its reach. 


A pressure transducer and datalogger were 
installed in the bed of Fourmite Creek about 500 
feet upstream from the Route P bridge, approxi- 
mately 0.6 miles upstream from its confluence 
with the Niangua River. The stredm drains 26.9 
mi? upstream from the gaging station. The 
datalogger operated from October 1, 1989, until 
May 23, 1990, when it was apparently damaged 
by lightning. The May 26 flood badly scoured the 
streambed, dislodging and damaging the trans- 
ducer. 


From October |, 1989, through January 18, 
1990, there was no flow in Fourmile Creek at the 
gaging station. However, unlike Spring Hollow, 
there was nearly continuous flow from mid-Janu- 
ary through, at least, May (table 18). Occasional 
observations after May indicate that flow ceased in 
early August, and the creek remained dry through- 
out August and September. The hydrograph of 
the Fourmile Creek (fig. 23) shows it having a 
better sustained base flow than for Spring Hollow. 
Runoff is also higher, with 3.81 watershed inches 
of runoff occurring between October 1, 1989, and 
May 24, 1990. During the same period, Spring 
Hollow above Bennett Spring had only 1.12 inches 
of runoff. Data indicate Fourmile Creek’s runoff, 
in watershed inches, may be three to four times 
greater than that for Spring Hollow, and total 
runoff for the water year was likely between 7 and 
9 watershed inches. 


Goodwin Hollow is one of the most notable 
losing streams In the Bennett Spring area, as well 
as insouth-central Missoumi. It has a drainage area 
of 72.1 mi?, and even in its downstream reaches it 
remains dry except in very wet weather. A pres- 
sure transducer and datalogger were installed in 
the channel of Goodwin Hollow on the Lester 
Evans farm just northwest of Lebanon. Upstream 
from the installation Goodwin Hollow drains 35,7 
mi?, Although considered a losing stream through- 
out its reach, there are several locations upstream 
from Highway 64 where there are nearly perennial 
pools in Goodwin Hollow. This is likely due to the 
low permeability of silty and clayey streambed 
materials allowing water to pond, rather than the 
water table being at or above stream elevation. 
Between pool areas, the streambed materials are 
more coarse and flow occurs only after significant 
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Figure 21: Average daily discharge hydrograph of Spring Hollow at King Farm, water year 1989-1990. 
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SUMMARY, WATER YEAR 1989 - 1990, SPRING HOLLOW UPSTREAM FROM BENNETT SPRING GAGING STATION 


DALLAS COUNTY: NE1/4 NW1/4 SEC. 1, T. 34.N., 2, 18 w. 
37 DEG 42 MIN 56 SEC MORTH LATITUDE, 92 DEG 51 MIN 23 SEC WEST LONGITUDE 


LAND SURFACE ELEVATION: 70 FEET ABOVE MEAM SEA LEVEL. MEASURING POINT IS TRANSOUCER BASE 
DRAINAGE AREA: 42,5 SQUARE MILES, 27200.0 ACRES 


TYPE OF {NSTALLATION: THOR 25 PS! PRESSURE TRANSDUCER ANO DATA LOGGER RECORDER INSTALLED IN 1989, ) YEAR OF DATA 


AVERAGE DAILY DISCHARGE (CUBIC FEET PER SECOND), WATER YEAR 1989 - 1990 


DAY oct NOV DEC JAN FEB HAR APR HAY JUN JUL AUG SEP 
j 0.00 0.00 0.00 0.00 0.00 0.03 0.95 0.79 2.83 0.01 0.02 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.06 0.52 0.45 2.59 0.01 0.02 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.15 0.21 99.10 2.03 0,0) 0.02 0.00 
4 0.00 0.00 0.00 0.00 0.00 0.34 0.09 100.01 1.07 0,0) 0.02 0.00 
5 0.00 0.00 0.00 0.00 0.00 0.68 0.04 28.20 0.46 0.0) 0.02 0.00 
6 0.00 0.00 0.00 0.00 a.00 0.87 0.03 8.46 0.25 0.01 0.02 0.00 
7 6.00 0.00 0.00 0.00 0.03 0.24 0.02 4.47 0.13 0.01 0.02 0.00 
3] 0.06 0.00 0.00 0.00 0.04 0.88 0.01 3.08 0.07 0.00 0.02 0.00 
3 0.00 0.00 0.00 0.00 0.05 1.32 0.0] 2.8) 0.05 0.00 0.02 0.00 
10 0.00 0.00 0.00 0.00 6.08 0.85 81.44 2.56 0.03 0.00 0.02 6.00 
it 6.00 0.00 a.00 0.00 6.07 0.24 27.53 2-18 0.02 0.01 0.02 0.006 
12 0.00 0.00 0.00 0.60 0.06 0.26 5.46 2.40 0.02 0.01 0.02 0.00 
13 0.00 0.00 6.00 0.00 0.15 2.17 3.14 2.45 0.02 9.60 0.02 0.00 
1a 6.00 0.00 0.00 0.00 0.08 262.17 6.08 2.4 0.02 Q.22 0.02 0.00 
15 0.00 0.00 0.00 6.00 0.66 462.14 4.06 2.38 0.02 0.01 0.02 0.00 
16 0.00 0.00 0.00 0.00 9.50 13.46 2.34 26.69 0.02 8.92 0.02 0.00 
i7 0.00 0.00 6.00 0.00 3.25 2-58 d.41 25.87 0.02 0.02 0.02 0.00 
18 0.00 0.00 0.00 0.00 1.08 1.28 1.08 7.07 0.02 0.02 0.01 0.00 
19 0.00 0.00 0.00 0.00 0.53 0.92 1.17 8.55 0.02 0.02 0.01 0.00 
20 0.00 0.00 0.00 0.00 0.29 0.70 1.32 5.96 0.02 0.02 0.01 0.00 
2i 0.00 0.00 0.00 0.00 0.25 0.47 0.86 18.40 0.02 0.02 0.02 0.00 
22 0.00 0.00 0.00 0.00 0.5) 0.25 0.66 9.84 0.02 0.0) 0.0) 0.00 
23 0.00 0.00 0.00 0.04 0.45 0.06 0.29 4,28 0.0) 0.02 0.00 0.00 
24 0.00 0.00 0.00 0.02 0.4) 0.05 0.22 2.7) 0.01 0.02 0.00 0.00 
25 9.00 0.90 0.00 9.00 0.06 0.07 0.25 2.19 0.0) 0.02 0.00 0.00 
26 0.00 0.00 0.00 0.00 0.02 0.13 0.26 1439.77 0.01 4,41 0.00 0.00 
27 0.00 0.00 0.00 0.00 0.02 0.31 0.6) 96.59 0.01 1.06 0.00 0.00 
28 0.00 0.00 0.00 0.00 0.02 0.70 2.34 33.26 0.0) 0.01 6.00 0.00 
29 0.00 0.00 0.00 0.00 tree 1.75 2,40 10.54 0.01 0.0) 0.00 0.00 
30 0.00 0.00 0.00 0.00 vor 1.56 1.43 5.16 0.01 0.01 0.00 0.00 
31 0.00 vee 0.00 0.00 noe 1.53 soe 3.25 raee 0.02 0.00 were 
HIN 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.45 0.0) 0.00 0.00 0.00 
MAX 0.00 0.00 0.00 0.04 8.50 462.14 1.44 1439.77 2.83 9.60 0.02 0.00 
AYG 0.00 0.00 0.00 0.00 0.59 24.45 4.87 63.13 0.33 0.50 0.0} 0.00 
RUNOFF: 
AC-FT 0 i¢) 0 0 33 1504 290 3282 19 31 1 0 
INCHES 0.00 0.00 0.00 0.00 0.01 0.66 0.13 1.7t 0.0% 0.0} 0.00 0.00 
WATER YEAR EXTREMES: MENIMUM - 0.00 (OCT 1), MAXIMUM -1499.77 (MAY 26), AVERAGE - 7.96 


WATER YEAR TOTAL RUNOFF: 5789.5 ACRE-FEET, 2.54 WATERSHED [NCHES 


Table 17: Average daily discharge, Spring Hollow upstream from Bennelt Spring. water year 1989-1990. 
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Peak average daily flow = 1440 {t*/sec 
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Figure 22: Average daily discharge hydrograph, Spring Hollow upstream from Bennett Spring, water year 1989-7990. 


EE EE EEE Hydrology 
SUMMARY, WATER YEAR 19B9 - 1996, FOURMILE CREEK NEAR ROUTE P GAGING STATION 


DALLAS COUNTY: Swi/d SWi/4 SEC. 9, T. JA N., R, 18 WY. 
37 DEG 40 NIN 37 SEC NORTH LATITUDE, 92 DEG 55 MIN 13 SEC WEST LONG! TUDE 


LAND SURFACE ELEVATION: 925 FEET ABOYE KEAN SEA LEVEL. NEASURING POINT IS ADJUSTED MINTMUM STREAM BED ELEVATION 
DRAINAGE AREA: 26.9 SQUARE HTLES, 17216 ACRES 


TYPE OF INSTALLATION: THOR PRESSURE TRANSDUCER AND DATA LOGGER RECORDER INSTALLED IN 1989, 2 YEAR OF DATA 
(NOTE: ***= OENOTES MISSING DATA, e-MISSING BUT ESTIMATED) 


AVERAGE DAILY HISCHARGE (CUBIC FEET PER SECOND), WATER YEAR 1969 - 1990 


DAY Oct NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 0.90 0.00 0.00 0.00 0.00 1.80 16.08 10.13 KRKK eae POE Salta tal 
2 0.00 0.00 6.00 0.00 0.26 ene 14.33 7.60 AW AK IK KKK weAK 
3 0.00 0.00 0.00 0.00 1.31 7.89 10.24 158.44 wKRK KK HICK KCK 
4 0.00 0.006 0.00 6.00 4.53 4.14 16.95 95.18 AaRK PRK HaAK WOK 
B) 0.00 0.00 0.00 0.00 4,34 3.20 11.05 31.80 HOOK ANXK kk KH HK 
6 9.06 0.06 0.00 0.00 1.39 3.46 13.05 16.53 HK WOK xk Rox 
} 0,00 0.00 0.00 0.06 1.48 3.93 25.63 6.37 POOR KKK ARKK KKKK 
8 0.00 0.08 0.00 0.00 1.47 3.4) 19.34 6.11 OK KAKK kK OK WARK 
9 0.00 0.60 0.00 0.00 1.83 2.08 11.34 4.)4 xwkr *k0On Kem IKK 
10 0.60 9.00 0.00 0.06 5.32 2.16 136.92 41.16 kan rok Rok wAKH kK 
1] 0.00 0.00 0.90 0.00 2.24 10.58 $2.92 12.81 HIKK KAKK OK OK 2 
12 0.00 0.00 0.90 0.00 5.05 8.57 32.13 8.00 RRKK KI work Jon 
13 0.00 9.00 0.00 0.00 1.72 2.5) 13.68 7.21 WKK RKKK KEK KAKN 
14 0.00 0.00 0.00 0.00 2.51 154.81 28.55 3.70 KAKA KREK ARKA Keron 
15 0.00 0.00 6.00 0.00 3.68 744.91 26.20 0.58 WORK RKRR RAR KH 
16 0.00 6.00 0.00 0.00 $0.73 94.30 9,58 0.59 RAEN ARK KH KAKK 
7 0.00 0.00 0.00 0.00 13.90 44,07 42,37 5.59 KKK AAR ors. kk 
i) 0.00 0.00 0.00 0.06 18.82 45.88 11. 66e 1.16 KrEK PAIK KAKI ARK 
18 0.00 0.00 0.00 1.39 7.72 32,44 10.94e 0.00 AMX RARN xAwK RIOR 
2a 0.00 0.00 0.00 3.06 5.10 82.22 10.23e 0.00 BARK AAEM HARK teks 
yal 0.06 0.00 0.00 2.18 9.60 43.00 9.52e 0.01 AAA wk axe sok ke 
22 6.00 6.00 0.00 1.76 2.82 9.97 8.80e 0.00 KAI tok KIRK RHR 
23 0.00 0.00 6.06 0.37 1.15 35.44 6.09e 0.08 bietok SOO kkk TORK 
24 0.00 0.00 0.00 4.54 9,97 133.63 7.38 wk KKM Peresy aaKH WOR 
25 0.00 0.00 0.00 2.14 7.26 69.18 4,986 Jom nok HK WRK Kes Pers 
26 6.06 0.00 0.00 2.97 8.43 16.94 3.85 KEK TOI HHA tka Kay 
27 6.00 0.00 0.00 0.09 10.79 16.10 3.43 sik srk ake So dokek 
28 6,00 8.00 0.00 2.94 7.65 12.43 6.60 axe HOCK KRAF FORK toh ke 
29 0.00 0.00 6.05 3.89 ee 17.57 3.67 KA K SOK HA yok ear 
30 0.00 0.00 0.00 0.04 wroe 415.96 6.06 AIKH KM we ek rsd KAR 
31 0.60 ---- 0.00 0.00 Sot 11.56 Sede aM pe et tok ob Z 

MIN 0.00 0.00 0.06 0.00 0.00 1.80 0.00 0.00 WOK re RK ROKR KAKK 

MAK 0.90 0.80 6.00 3.89 50.73 744.91 1936.92 158.44 yok RAR FO KKK 

AVG 0.00 0.00 0.08 0.72 6.61 52,52 18.20 16.40 aRK AKRK HARK KAKK 

RUNOFF : 

AC-FT 0 0 a) 44 367 3225 1083 748 KEK FAK K week eso 
INCHES 0.00 0.00 0.00 0.83 0.26 2.29 Ow75 0.52 mEKH WRK mm KKK 

WATER YEAR EXTREMES: MINIMUM - 0.00 (OCT 1), MAXIMUN - 744.9) (MAR 15), AVERAGE - 7.39 {OLT 1-MAY 23) 


WATER YEAR TOTAL RUNOFF: 5472.9 ACRE-FEET, 9.8) WATERSRED INCHES (OCT }-MAY 23) 


Table 18: Average daily discharge, Fourmile Creek near Route P, water year 1989-1990. 
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Figure 23: Average daily discharge hydrograph, Fourmile Creek near Route P, water year 1989-7990. 
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Figure 24: Hourly stage height, Goodwin Hollow at Evans farm, November 15, 1989, through March 14, 1990, 
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The Hydrogeology of the Bennett Spring Area 


Photo 10. Goodwin Hollow, a major losing stream in south-central Missoun, drains more than 72 mi’, yelis usually 
dry because tt loses most of ils flow into the subsurface. Depending on location, water lost into the 
subsurface in Goodwin Hollow watershed provides recharge to Bennett Spring, Sweet Blue Spring, and 
Hahatonka Spring. 


rainfall. Between Highway 64 and the gaging 
Station, the channet has a very irregular bed 
and steep side; bed material consists of gravel 
in some places but stoney clay and silt in 
others. Downstream from the gaging station, 
the channel widens and is floored with gravel, 
cobbles, and boulders. 


There were numerous problems with the 
Goodwin Hollow gaging station. Equipment 
malfunction caused data collected between 
October 2 and November 15, 1989, to be lost. 
The equipment functioned normally from 
November 15 until March 13, 1990, when 
flooding badly scoured the relatively narrow 
channel, dislodging and damaging the trans- 
ducer. Data stored in the datalogger was 
usable, but apparently the datalogger was 
damaged by tightning and would no longer 
function properly. 


The four-month period of record collected 
at this site is not sufficient to estimate water- 
shed runoff votume with any accuracy, and no 
attempt was made to develop a rating table 
for the station. However, the stage values 
recorded between November 15, 1989, and 
March £4, 1990, supplemented with field ob- 
servations, do provide insight as to the water- 
shed response to precipitation. Figure 24 isa 
plot of hourly stage heights above the zero 
flow-point for the period November 15, 1989 
to March 14, 1990. There was no significant 
flow in Goodwin Hollow at the gaging station 
between October 1, 1989, and November 13, 
1989. On November 14 and 15, 1989, Leba- 
non 2W weather observation station, 1.5 miles 
south of the gaging station, reported 3.32 
inches of rainfall. Data from the gaging sta- 
tion begin 1300 hours November 15 when 
flow was an estimated 20 to 30 ft?/sec. Flow 
ended about 1200 hours November 17. Flow 
occurred again from about 0800 hours Janu- 
ary 17, to about 0600 hours January 21, 1990. 
From January 16 through January 19, Leba- 
non 2W reported 3.21 inches of rain. At peak 
flow, the water in Goodwin Hollow at the low- 
water crossing a few hundred feet downstream 
from the transducer was about 1.9 feet deep. 


Major Springs 


Two flow events were recorded in February. 
The first was minor, and followed about | inch 
of rain. The second, on February 15, after 
0.93 inches of rain, resulted in about 2.3 feet 
of water In the channel. Rainfall in early 
March caused minor flow to occur in Goodwin 
Hollow at the gaging station, but the next 
significant flow event, and the last recorded 
by the station, was a flood that occurred at 
1700 hours March 14, 1990. Relatively small 
but frequent rainfall events through February 
and early March did not generate appreciable 
surface-water runoff in the watershed, but did 
saturate the soil materials. On March 14 and 
15, Lebanon 2W reported 2.75 inches of rain- 
fall, enough to cause flooding in Goodwin 
Hollow. There was about 8 feet of waterin the 
channel at the transducer (5.1 feet above the 
zero flow point) when it was scoured from the 
channel. Although these data do not allow the 
amount of runoff to be calculated, they do 
serve to show that Goodwin Hollow upstream 
of the gaging station loses much of its flow 
into the subsurface, and responds to heavy 
precipitation much like Spring Hollow. 


MAJOR SPRINGS IN THE 
BENNETT SPRING AREA 


Although this study centers around Bennett 
Spring and its recharge area, considerable 
data were also collected from other major 
springs in the study area. Several of these 
springs were found to share recharge areas 
with Bennett Spring, and others have recharge 
areas that adjoin the Bennett Spring recharge 
area, Several of these springs are not shown 
on U.S. Geological Survey 7.5 minute topo- 
graphic maps, and were previously unreported. 
No attempt was made to locate all of the 
springs in the area; there are, undoubtedly, 
many smaller springs that were not found 
during the course of this study. Major springs 
discussed in this report are shown on figure 
25. With the exception of Bennett and Hahatonka 
springs, all of the major springs in the study area 
are on, or reached by, crossing private property. 
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The Hydrogeology of the Bennett Spring Area 


Major Springs 


BENNETT SPRING 
(NW'/s SEC. 1, T. 34.N., R. 18 W.) 


Bennett Spring, less than a mile west of the 
Laclede County line In Dallas County, is the third 
largest spring in Missoun and the largest spring in 
the Niangua River basin (photo 11). Water rising 
from the 50-foot diameter spring basin passes 
upward through a steeply-inclined phreatic cave 
passage developed in the Gasconade Dolomite. 
Divers have explored and mapped the inclined 
spring conduit to a depth of about 80 feet and a 
horizontal distance of about 130 feet (fig. 26). The 
passage continues, but gravel chokes most of It. 
Higher velocity of the water resulting from the 
decrease in cross-sectional area has halted explo- 
ration (Porter, 1986). 


Discharge at Bennett Spring is measured at a 
stone gage house a few hundred feet downstream 
of the rise pool. Forty-one years of discharge 
records are available from the U.S. Geological 
Survey (1916-1919, 1928-1941, 1965-1990), and 
the average discharge is 170 ft?/sec, or about 110 
million gallons per day. Prior to May 26, 1987, 
discharges were determined by daily staff gage 
readings. Since then, stage is measured and 
recorded every 15 minutes using a digital water- 
level recorder installed at the gage house. Instead 
of a single stage observation each day, the re 
corder takes 96 stage readings in a 24-hour period. 
Discharges are calculated from stage heights us- 
ing arating table developed and maintained by the 
U.S. Geological Survey. 


The Bennett Spring rise pool is in the bot- 
tom of Spring Hollow along the east edge of 


the channel. There is no spring branch, per 
Se, where a gaging station can be constructed 
to measure only flow from the spring, so 
reported discharge includes the flow from 
Bennett Spring plus runoff from Spring Hol- 
tow. The pressure transducer-datalogger in- 
Stallation just upstream of the spring allows 
correction for the surface-water runoff. Dur- 
ing water year 1989-1990, average discharge 
of Spring Hollow at the gaging station down- 
stream of Bennett Spring was 216 ft?/sec 
{table 19). Average discharge of Spring Hol- 
low upstream from Bennett Spring was about 
8 ft?/sec, so the average amount of water 
discharging from the Spring was actually about 
208 ft/sec (table 20). These data indicate 
that during a normal year, there is a relatively 
small difference between discharge measured 
in Spring Hotlow downstream from Bennett 
Spring, and the actual discharge of the spring. 
The actual long-term average discharge of 
Bennett Spring is probably no more than 4 to 
5 ft?/sec less than measured at the gaging 
station, or about 165 ft°/sec. 


Figure 27 shows discharge measured at the 
gaging station downstream fromm Bennett Spring 
during water year 1989-1990, which also contains 
runoff from Spring Hollow, Figure 28, showing 
discharge of Bennett Spring, was produced by 
subtracting the average daily flow of Spring Hol- 
low upstream from Bennett Spring from average 
daily discharge measured just downstream of 
Bennett Spring. 


SAND SPRING 
(NE!/s SEC, 36, T. 35 N., R. 18 W.) 


Sand Spring, also known as Conn Spring, is 
west of the Niangua River on the south side of 
Highway 64 a few hundred feet downstream of 
where Bennett Spring flow enters the river. The 
spring is in Dallas County about 700 feet from the 
Laclede County tine. The spring rises through the 
sandy alluvium in the bottom of a shallow mill 
pond on the Niangua River floodplain; outfall from 


the pond flows through a concrete sluice into the 
spring branch, and into the river (photo 12). The 
floodptain alluvium overlies Gasconade Dolomite 
in this area. 


Discharge of the spring was measured five 
times between 1932 and 1964, and averaged 4.85 
ft3?/sec (Vineyard and Feder, 1974). Minimum and 
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Figure 25: Major springs in the Bennett Spring area discussed In this report. 
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Figure 26: Plan view and cross-section of Bennett Spring. Modified from a map by Porter and Brown, 1984 
(in Porter, 1986). 
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The Hydrogeology of the Bennett Spring Area 


SUMBARY, WATS 2 YEAR 1989 - 1990, BENNETT SPRING GAGIMG STATION (JSCLUDES RUNOFF FROM SPRING HS_1 GH) 


DALLAS CunTY: NEY/A wwl/4 SEC. 1, T. 34.4., BR. 18 
37 OLS 43 MIN O03 SEC 1CRTH LATITUOE, 92 DEG 53 MIN 26 SEC WEST LONGITUOE 


LANG SURFACE ELEVATION: B66 FEET ABOVE KEAN SEA LEVEL. HEASURING POINT 1S 864.71 FT ABOVE NATIOHAL GEODETIC 
VERTICAL DATUM OF 1929. 


SPRING RECHARG! ARFA: 265 SQUARE MILES, 169600.0 ACRES, BISCHARGE INCLUDES RUNQFF FROM 42.5 SQUARE MiLc AREA 
IM SPRING HOLLOW WATERSHED. 


TYPE OF ENSTALCAT] ON: STEVENS OLGETAL WATER STAGE RECOROER INSTALLEO MAY 16, 1967. PRIOR TO MAY 16, 1987, 
NONRECORGENG STAGE, 41 YEARS OF RECORD. STATION OPERATED AY THE U. S. GEOLOGICAL SUAVE’. 


AVERAGE BATLY DISCHARGE (CUBIC FEET PER SECOND), WATER YEAR 1989 - 1990 


DAY oct NOV DEC JAN FEB MAR APR MAY SUN dul AUG SEP 
\ LJA 105 118 105 132 186 292 252 437 196 183 \&3 
2 1)4 104 16 105 155 184 281 245 4g 194 178 148 
3 1)4 104 116 104 161 184 269 481 382 192 175 148 
a 3 104 lla 109 16) 180 260 607 36) 188 23) 149 
5 1}4 105 114 108 172 \77 252 $19 342 hy 245 148 
6 115 105 112 106 176 174 24) 4a9 328 185 21) 148 
? 115 108 112 105 382 181 24) 402 3)4 193 136 148 
8 224 104 110 105 179 259 234 an 300 18) 1B7 148 
4 Be] 104 110 104 176 212 229 348 292 179 18) 148 
10 13 105 108 104 177 255 408 325 285 176 176 148 
14 be ics 103 174 243 426 307 277 178 173 150 
\2 110 108 102 166 270 362 31? 2?) 183 171 151 
3 109 id 102 160 280 333 327 264 263 170 150 
i 103 106 103 154 771 364 333 259 226 167 149 
5 109 106 103 26 1202 354 317 238 20) 163 148 
16 108 204 164 102 402 610 334 391 25) 169 165 148 
Vv 107 166 104 139 345 498 321 4y5 246 183 175 146 
16 106 149 Ga 178 204 429 306 A428 2A2 178 175 147 
19 107 139 104 173 272 379 294 339 239 176 16 15] 
20 108 133 104 32) 249 344 285 396 236 173 165 149 
21 108 129 102 297 234 326 279 456 232 172 162 149 
22 107 125 102 245 234 30) 272 466 23) 173 15% 150 
23 107 122 102 2\6 245 280 264 425 226 V7e 13 1a7 
24 106 120 163 199 236 266 256 39} 220 168 155 146 
25 105 120 104 75 27 255 250 368 234 165 155 145 
26 105 120 10a 160 206 259 244 2158 213 225 153 145 
27 105 120 104 152 138 259 243 774 209 296 133 144 
2a 105 120 1p4 145 196 263 28) 653 206 247 152 14a 
29 105 120 104 14? tae 2530 280 $71 202 220 151 143 
30 105 118 106 13) --- 290 265 508 198 202 150 143 
3) 105 ao 106 433 sae 297 --- a64 vor 19) 150 ose 

BIN 105 104 10? 102 132 174 229 245 1oB 165 150 143 

HAX 115 242 118 32) A402 1202 426 2159 43) 296 245 15) 

AVG 109 126 107 144 212 328 29) 48) 272 195 73 348 

DISCHARGE : 


AC-FT 6718 7S21 6595 8B58 11758 20160 17310 29562 16155 12980 10631 8773 


WATER YEAR EXTREMES: MINIMUM - 102 (DEC 21), MAKIMUM - 2159 (MAY 26), AVERAGE - 216 
WATER YEAR TOTAL DISCHARGE: 156629 ACRE-FEET 


Table 19: Average daily discharge, Benneit Spring gaging station, water year 1989-1990. 
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SUMMARY, WATER YEAR 1989 - 1990, BENNETT SPRING GAGING STATION (CORRECTED FOR SURFACE RUNOFF FROM SPRING HOLLOW) 


DALLAS COUNTY: NEL/4 NWI/4 SEC. 1, T. QA NL, Re LEW, 
37 DEG 43 HIN G3 SEC NORYH LATITUDE, 92 DEG 5) HIN 26 SEC WEST LONGITUDE 


LANO SURFACE ‘ELEVATION: 966 FEET ABOVE MEAM SEA LEVEL. MEASURING POINT IS 864,71 FT ABOVE NATIONAL GEODETIC 
VERTICAL DATUM OF 1929. 


RECHARGE AREA: 265 SQUARE MILES, 169600.0 ACRES 
TYPE OF INSTALLATION: STEVENS DIGITAL WATER STAGE RECORDER INSTALLED MAY 146, 1987. PRIOR TO NAV 16, 1987 
MONRECORDING STAGE, 41 YEARS CF RECORD. STATIOW OPERATED BY THE U. S. GEOLOGICAL SURVEY 


AVERAGE DAILY DISCHARGE (CUBIC FEET PER SECOND), WATER YEAR 1989 - 1990 


DAY oct nov OEC JAN FEB MAR APR WAY JUN JUL AUC SEP 
1 114 105 118 105 132 186 291 251 434 196 183 149 
2 114 104 126 105 159 184 280 244 407 194 378 148 
3 114 104 116 104 161 164 268 382 360 192 175 148 
4 113 104 114 109 161 180 260 $07 360 186 237 148 
5 114 105 114 108 172 176 252 49) 342 185 245 148 
6 115 195 112 106 178 173 247 440 327 185 211 148 
7 115 108 112 105 182 161 24) 397 914 183 196 148 
8 114 104 110 105 179 258 234 368 300 161 187 148 
9 114 104 110 104 176 27) 229 345 292 179 18) 148 
10 L13 105 108 104 17? 254 327 322 2B5 176 176 148 
\] tlk 105 108 103 174 242 398 304 277 178 173 159 
12 110 105 108 102 166 276 357 315 anh 183 170 15k 
13 109 105 106 102 160 278 330 325 264 255 169 150 
14 109 163 106 1D3 194 503 358 330 259 225 167 149 
15 103 242 106 103 264 740 350 314 258 201 163 148 
16 168 204 1D4 402 394 596 332 365 251 149 165 148 
1? 107 166 104 139 342 495 320 44g 246 183 175 146 
1B 106 148 104 178 303 428 304 421 242 178 175 147 
ig 107 139 104 173 272 378 293 335 232 176 170 151 
20 108 133 104 321 248 343 285 330 236 173 165 149 
21 108 128 102 287 234 320 279 437 232 172 162 149 
22 107 125 102 245 234 301 271 457 231 173 159 150 
23 107 122 102 216 245 260 264 42) 226 170 7 147 
24 106 120 103 193 236 266 256 388 220 168 155 146 
25 105 120 104 175 21? 255 250 366 214 165 155 145 
26 105 120 104 160 206 259 244 721 213 220 153 145 
27 105 120 104 1$2 198 259 243 678 209 295 163 144 
26 105 120 104 145 190 268 279 620 206 247 152 144 
29 105 120 104 142 sus: 288 277 $60 202 220 151 143 
30 105 118 106 137 --- 288 264 503 198 202 130 143 
31 105 cele 106 133 ete 296 ps 463 vee 19} 150 pve 

HIN 105 104 102 102 132 173 229 244 198 165 150 143 

MAX Ms 242 116 321 394 740 398 72) 434 235 245 151 

AVG 109 126 107 144 211 303 286 418 27) 194 173 148 

DISCHARGE: 


AC-FT 6718 752) 6595 8838 11730 18657 17024 25680 16136 11946 10627 BI79 
JNCHES 0.48 0.53 0.47 0.63 0. 83 1.32 1.20 1.82 1.14 0.85 0.75 0.62 


WATER YEAR EXTREMES: MINENUR - 102 (DEC 21), MAXIMUM ~ 740 (MAR 15), AVERAGE - 207.57 
TOTAL OISCHARGE: 15027) ACRE-FEET, 30.63 WATERSHED INCHES 


Table 20: Average daily discharge, water year 1989-1990, at Bennell Spring. Flow corrected for discharge 
of Spring Hollow upstream from Bennett Spring. 
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Figure 27: Average daily discharge hydrograph, Bennett Spring gaging stalion, water year 1989-1990. Data includes runoff from Spring Hollow. 
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Figure 28: Average daily discharge hydrograph, Bennett Spring, water year 1989-1990. Data corrected for runoff from Spring Hollow upstream of 


OCT { NOV 


Bennett Spring. 


| 


DEC 


JAN 


FEB 


MAR 


APR 


MAY 


JUN 


JUL 


AUG 


SEP 


sBunidg soley 


The Hydrogeology of the Bennett Spring Area 


maximum discharge values were 4.57 ft?/sec and 
5.06 ft?/sec, respectively. The spring flow was 
measured twice during this study. On April 18, 
1990, during relatively wet weather, the spring 
measured 8.16 ft?/sec, and on September 25, 
1990, after several weeks of dry weather, it mea- 
sured 3.96 ft?/sec. Although the spring is small in 


compatison to Bennett Spring, it has a well-su 

tained dry-weather base flow. Many springs « 
similar size have highly variable discharges. Sam 
Spring discharge does increase in response tk 
local rainfall, but its relatively constant dry 
weather flow makes it an interesting and some- 
what unique spring. 


FAMOUS BLUE SPRING 
(NW’'/4 SEC. 36, T. 35 N., R. 18 W.) 


Famous Blue Spring in Dallas County is about 
3,000 feet southwest of Sand Spring on the same 
side of the Niangua River, It ses from a 15foot 
diameter poo} developed in the Gasconade Dolo 
mite in the bottom of a small hollow on the edge 
of the floodplain (photo 13). Waterin the rise pool 
is normally quite clear, and it is possible to see 15 
to 20 feet downward into the sand-bottomed bed- 
rock conduit. 


Missouri Speleological Survey divers Kurt Olson 
and David Porter made an exploratory dive into 
the spring on August 4, 1990. They found the 
orifice at the base of the rise pool to be nearly 
choked with logs and boards, but managed to 
circumvent the debris and continue exploration of 
the phreatic cave. The passage is high, narrow, 
and slopes steeply downward. The floor is coarse 
sand, but the walls are dolomite, heavily sculpted 
by solution. They managed to explore the spring 
conduit for about 100 feet, reaching a depth of 
about 61 feet where the sand floor came to within 
1.5 feet of the ceiling. Here, sand from the floor is 


kept in constant agitation by the velocity of the 
water, causing a billowing cloud of suspended 
sediment. A quiet pocket some 15 feet closer to 
the entrance has water moving vertically upward 
through the sand with enough velocity to suspend 
it several inches from the bottom of the pool 
(Porter, 1990; written communication). 


Famous Blue Spring discharge was mea- 
sured four times between 1933 and 1964. 
Minimum and maximum measured discharges 
were 2.39 ft'/sec and 4.44 ft3/sec, with an 
average of 2.99 ft?/sec (Vineyard and Feder, 
1974). The spring was gaged twice during the 
present study. On April 18, 1990, during 
relatively wet weather, discharge was 8.05 
fe?/sec, and on September 25, 1990, during dry 
weather, flow was 4.07 ft?/sec. Like Sand Spring, 
Famous Blue Spring has a well-sustained base 
flow even during very dry weather and responds to 
local precipitation. its low and high flows do not 
vary as widely as many similar springs of 
comparable size. 


SWEET BLUE SPRING 
(NE'/s SEC. 30, T. 36.N., R. 17 W.) 


Sweet Blue Spring is on the east side of the 
iangua River, west of Eldridge, in northwestem 
iclede County. The spring rises from a deep pool 
yored with sand and gravel al the base of a low 
aff of Gasconade Dolomite. The Niangua River, 
ly a few feet lower and 150 feet west of the 
‘ing, inundates the spring during floods. Sweet 

llow, a losing stream draining several square 

es, Intersects with Sweet Blue Spring branch 
r the river's edge. 


Divers have been unable to penetrate an appre- 
clable distance into the phreatic conduit supply- 
ing the spring, but have reported the water rising 
through the grave} floor ofa circular room some 15 
feet in diameter and 12 feet high that is reached 
through a cave entrance 10 feet wide by 5 feet high 
at the bottom of the spring basin. The base of the 
gravel floor in the rise room is about 47 feet deep, 
and ascending water creates a gravel plume 3 to 
5 feet high (Vineyard and Feder, 1974). 


Major Springs 


Photo 12. Sand Spring rises through the bottom ofa pond on the northwest side of the Niangua Rivernear Bennett 
Spring State Park. From the pond, ils flow is channelled through a concrete sluice and past 4 water 
wheel before it enters the Niangua River a few hundred fect away. 
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Photo 13. Famous Biue Spring rises from a water-filled cave several hundred feel north of the Niangua River. Its 
recharge area, which is shared with Sand Spring, lies mostly to the south on the opposite side of the 
Niangua River. Water discharging from both springs must cross under the Niangua River. 


Six discharge measurements taken between 
1925 and 1964 showed Sweet Blue Spring's dis- 
charge to average 13.2 ft?/sec, with minimum and 
maximum measured flows of ] 1.0 ft?/secand 15.6 
ft?/sec (Vineyard and Feder, 1974). More recent 
work (Harvey etal., 1983) shows this value may be 
too low. Four discharge measurements taken 


Major Springs 


between June, 1976, and August, 1977, averaged 
28.5 ft/sec, with minimum and maximum mea- 
sured flows of 20.7 ft?/sec and 47.2 f?/sec. Appar- 
ently, data in Vineyard and Feder (1974) reflect 
primarily low base-flow conditions. Average flow 
of the spring is probably about 20 ft?/sec. 


JOHNSON-WILKERSON SPRING 
(SE's SEC. 2, T. 32. N., R. 19 W.) 


Johnson-Wilkerson Spring in southern Dal- 
las County ts one of several significant ground- 
water outlets found during this study that were 
previously unreported. Water rises from allu- 
viurm in at least two locations on the east side 
of the Niangua River west of Conway, Mis- 
souri. One spring rise is in the channel of a 
small ephemeral watershed about 1,500 feet 
from the Niangua. The other major rise is 
about 600 feet from the river and south of the 
channel draining the upstream outlet; their 
flows merge and enter the Niangua about 300 
feet upstream from the Route M bridge and 
1,200 feet downstream from the mouth of 
Jones Creek. Here, the Niangua River flows on 


Roubidoux Formation with Jefferson City Dolo 
mite underlying the upland area. 


Little information exists on the spring; Skinner 
(1979) mentions the spring and supplies its name, 
but it is not shown on the Long Lane 7.5 minute 
guadrangle map nor tisted in Springs of Missouri. 
Its discharge was measured once during this 
study. On September 25, 1990, flow was 3.71 
ft?/sec. Flow estimates made during 1989 and 
1990 indicate an average flow of about 3 to 5 ft?/ 
sec. The spring has a well-sustained base flow 
even during dry weather. Wet-weather discharges 
are considerably higher, and flows exceeding an 
estimated 12 ft?/sec have been observed. 


JAKE GEORGE SPRINGS 
(SW 1/4 SEC. 13, T. 32.N., R. 19 W.) 


A few hundred yards downstream of the Webster- 
Dallas County line, flow characteristics of the 
Niangua River change considerably. Thoughthere 
is perennial flow upstream for several more miles, 
dry-weather flows are quite small, often less than 
1 ft?/sec. Over a distance of a few hundred feet, 
water from several groundwater outlets increase 
the Niangua River low-flow discharge several hun- 
dred percent. Jake George Springs enter the 
Niangua from several places on the floodplain. 
Two distinct spring rises occur on the east side of 
the river; one is an alluvial rise pool, the other is 
from bedrock openings in the Roubidoux Forma- 
tion on the east valley wall. Another alluvial rise 
pool ties a few hundred feet downstream on the 
west side of the river. Spring branches from all 
three rises enter the river within about a 200-foot 


reach. A short distance upstream, groundwater 
enters the river from a 200-foot line of seeps 
discharging from a low alluvial terrace. 


Jake George Springs are not shown on the 
Beach 7.5 roinute quadrangle, and little informa- 
tion exists for the springs. Skinner (1979) lists the 
spring, but provides no additional information. 
Harvey et al. (1983) measured the springs in 
November, 1975, and found the river discharge to 
increase from 5.5 ft?/sec to 25 ft?/sec, anincrease 
of 19.5 ft3/sec, due to inflow from the springs. On 
November 3, 1990, during relatively dry weather, 
river discharge upstream from the springs was 
1.68 ft?/sec, and downstream the discharge was 
15.8 ft?/sec, an increase of 14.1 ft?/sec. High-flow 
characteristics of the springs are unknown. 
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Even though there are several distinct outlets, 
temperature, fluorometric, and specific conduc- 
tivity characteristics indicate the water is from a 
common source. Temperature and conductivity 
of the springs were measured several times 
and did not vary between individual rises. Back- 
ground spectrofluoro-grams of the springs were 
also nearly identical. 

There are other springs upstream from Jake 
George Spring in the Niangua River basin, but all 
are much smaller. In very dry weather, flow of the 


Niangua ceases at losing zones near the East 
Fork-West Fork confluence about 3.5 miles up- 
stream. Between Route Y and Jake George Springs, 
some water enters the river from smali springs and 
there are several large pools, but significant flows 
do not begin before Jake George Springs. 


Water discharging from Jake George Springs 
likely rises from bedrock openings in the Roubidoux 
Formation beneath the alluvium. Local residents 
report that floods will alter the river channel, and 
change the locations where some of the springs rise. 


HAHATONKA SPRING 
(SW'/s SEC. 2, T, 37 N., R. 17 W.) 


Hahatonka Spring, in Ha Ha Fonka State 
Park, is tin Camden County outside of the 
Study area for this repost. However, since 
previous work shows the spring receives re- 
charge from within the study area, it was 
monitored as part of the dye tracing study. 


With an average discharge of about 77 ft?/sec, 
it is the targest spring in Camden County. Mini- 
mum and maximum recorded flows are 43 Ft3/sec 
and 175 ft?/sec (Vineyard and Feder, 1974). The 
spring discharges from a phreatic cave developed 
in the upper part of the Eminence Dolomite. 
Lower Gasconade Dolomite and the Gunter Sand- 
stone member crop outin the valley walls around 
the spring branch. The spring rises at the head of 
a narrow, deep valley that likely developed by 


collapse rather than by surface erosion. A bed- 
rock island, containing several caves and heavily 
weathered bedrock, divides the spring branch a 
few hundred feet downstream of the spring. Be 
yond the island, spring flow enters the Niangua 
arm of Lake of the Ozarks. 


Hahatonka Spring is one of many karst features 
occurring in the immediate area. Several major 
sinkholes, one containing a large natural bridge, 
lie within a few hundred yards east of the spring. 
River Cave, which pirates flow from surface drain- 
age and channels it into the Hahatonka Spring 
conduit system, is 2,000 feet to the northeast. 
Divers entering the spring have made the under- 
water connection with River Cave (Porter, 1990; 
personal cornmunication). 


BIG SPRING 
(NE}/s SEC. 6, T. 32.N., R. 15 W.) 


Big Spring on the Osage Fork of the Gasconade 
Riveris likely the largest spring in Laclede County. 
The spring rises from a low, wide, bedrock open- 
ing in Gasconade Dolomite at the bottom of a 
deep pool on the west side of the river. The spring 
is shown on the Russ 7.5 minute quadrangle map, 
but is actually about 400 feet upstream of where 
shown on the map. Because it rises directly in the 
river, its flow can only be measured by subtracting 
river flows measured upstream and downstream 
of the spring. It has been measured only a few 
times during relatively low flow periods. Big 


Spring has a low base flow of about 17 ft®/sec, but 
average flow is likely significantly higher. During 
wet weather, when the Osage Fork is several feet 
above low-flow stage, Big Spring’s clearer water 
exits the conduit with enough hydrostatic force to 
create a sizable boil, and divert the river water 
away from the orifice. 


Divers Roger Gliedt, Kurt Olson, and David 
Porter have made two underwater explorations of 
Big Spring, They found the water to emerge from 
a low, narrow opening at the base of a Gasconade 


Dolomite bluff at a depth of about LO feet. The 2- 
to 3-foot high, 4-foot wide submerged cave pas- 
sage trends southeast, and was followed for a 
distance of about 250 feet to a depth of 21 feet 
below river level. Exploration ended in an 8&foot 
diameter, 5-foot high room where ceiling break- 
down restricted passage size. A second passage 
was found leading southwest from the main pas- 
sage. Along this 250-foot long passage, depth 


Major Springs 


increased frorn 22 feet to 31; the shallow part of 
the passage was floored with breakdown, but the 
ceiling in the deeper section had not collapsed. 
Interestingly, flow in this passage was toward the 
end of the passage, and not toward the spring 
outlet (Porter, 1990; written communication). Fur- 
ther diving will be necessary to more fully under 
stand the flow relationships in this spring. 


RANDOLPH SPRING 
(NE! SEC. 6, T. 32.N., R. 15 W.) 


Immediately downstream of Big Spring is a 
long gravel-bar island that divides the Osage 
Fork. Randolph Spring flows into the Osage 
Fork from the southwest side of the river at 
the downstream end of the istand. The spring 
flows from a bedding-plane opening at the 
base of a 50-foot bluff of Gasconade Dolo- 
mite. The outlet is some 5 feet above and 50 
feet from river. Though not shown on the Russ 
7.5 minute quadrangle map, Randolph Spring 
discharges a considerable quantity of water. 
The spring was previously unreported, and is 
not listed in Springs of Missouri (Vineyard and 
Feder, 1974). No flow measurements exist, 
but during low-flow conditions estimated dis- 
charge is about 1 to 2 ft?/sec. Wet weather 
flows are considerably higher. 


Missouri Speleological Survey divers David 
Porter and Roger Gliedt were able to enter the 
spring outlet and explore the phreatic conduit a 
short distance. They were able to penetrate the 
conduit about 50 feet, to a depth of 10 feet, where 
exploration ended ina small, grave!-floored room. 
Here, water rises through the grave) but no enter- 
able passages continue. 


Although Randolph Spring is less than 1,200 
feet downstream from Big Spring, the two appear 
to be hydrologically separate. Temperature and 
specific conductivity measurements at both springs 
show different water temperatures and dissolved 
solids contents. Temperature at Randolph Spring 
varies considerably with loca} rainfall, indicating 
relatively nearby discrete recharge. 


CLIFF SPRING 
(NW?!/s SEC. 9, T. 35.N., R. 14 W.) 


Cliff Spring, in Laclede County, discharges from 
bedding-plane openings in the Gasconade Dolo- 
Tnite at the base of the valley wall on the west side 
of the Gasconade River. The spring flow has been 
measured only a few times, and it likely has an 


average discharge of 2 to 4ft?/sec. Flow, tempera- 
ture, and water-quality measurements indicate 
that recharge is very local and rapid. Tempera- 
tures as low as 50° F. were measured during wet 
weather jin early spring, 1990. 
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GROUNDWATER TRACING 


INTRODACTION 


Groundwater recharged through sinkholes and 
losing streams typically follows well-defined flow 
paths. The karst processes that formed these 
discrete recharge features simultaneously created 
the wellintegrated labyrinth of bedrock conduits 
or cavelike openings that transport water to 
springs. Water entering the subsurface through 
sinkholes and losing streams moves rapidly 
through relatively large openings, making is pos- 
sible to trace this type of groundwater movement 
using specialty developed techniques. 


For more than 30 years, fluorescent dyes have 
been uséd to determine the outflow points of water 
disappearing into the subsurface through losing 
streams and sinkholes. Dye tracing is an ex- 
tremely valuable technique; kt allows a physical 
connection to be established between groundwa- 
ter recharge and discharge. Dye tracing consists 
of injecting harmless fluorescent dye into water 
enteringa sinkhole or losing stream, then monitor- 
ing for that dye at springs or gaining streams 
where it may reappear. 


To be useful for groundwater tracing, dyes must 
be water-soluble, have sufficiently low adherence 
to earth materials, be environmentally safe, and 
be detectable in low concentrations. Several dyes 
have most of these characteristics, but two in 
particular, Rhodamine WT and fluorescein, have 
been used for the vast majority of dye traces 
conducted in the Ozarks, and were used for all of 
the dye tracing in the Bennett Spring area. Fluo- 
rescein is marketed under several names by differ- 
ent companies, and two brands of fluorescein dye 
were used. In this report, fluorescein refers to 
Pylam Pyla-tel Fluorescent Yellow Dye. Uranine 
C, fluorescein marketed by Chemcentrat Dye 
stuffs, was also used. Although nearly identical, 
the dyes are referenced separately in this report. 
Rhodamine WT is purchased in liquid form, and 
has a 20-percent dye content; fluorescein and 
Uranine C are dry powders. 


Though Rhodamine WT and fluorescein dyes 
are very colorful, and visible to the naked eye in 
relatively low concentrations, their fluorescence is 
the property that makes them most useful for 
groundwater tracing. The proper wavelength of 


light directed on a fluorescent dye excites some of 
its electrons to a higher energy state. As the 
electrons return to ground state, photons of tight 
are emitted. The emitted energy has a longer 
wavelength than that absorbed. A spectrofluora- 
photometer is used to excite the fluorescent mate- 
rial, and detect and quantify the resulting fluores- 
cence. 


There are several ways that springs can be 
sampled for dye content. Water sarnples can be 
collected and analyzed for dye content. This type 
of sampling has the advantages of simplicity and 
jow cost, but unless frequent samples are taken 
the peak of the dye cloud may be missed. Rela- 
tively small quantities of dye are injected into the 
subsurface and there is tremendous dilution in 
many spring systems. It is quite possible that dye 
content in the spring water may be below detec- 
tion limits at times other than for a short time at or 
near the peak of dye passage. Automated water 
samplers can also be used, and alleviate the 
problem of sampling frequency. Typically these 
devices can collect up to about 30 samples at a 
user-specified time interval. Automated water 
samplers provide excellent information as to dye 
arrival time and dye content, but they are expen- 
sive pieces of equiprnent and can malfunction 
during freezing weather. 


The dye monitoring technique most often em- 
ployed, and used exclusively in this study, uses 
activated coconut charcoal to adsorb dye if it is 
present in the water. Small (2 inch by 3 inch) 
fiberglass screen wire packets containing about 
15 cm} of 6-14 mesh activated coconut charcoal 
are placed at potential dyerecovery sites. Acti- 
vated charcoal packets have several advantages 
over water samples. They adsorb dye continu- 
ously. If dye is present in very low quantities, even 
below watersample detection limits, activated 
charcoal will effectively concentrate the dye in the 
charcoal, The packets can be changed at frequent 
intervals foraccurate time of-travel data, or can be 
left in place for several weeks if necessary. [t is 
important to place the activated charcoal packets 
so there is constant water movement through 
them, but if water velocity is too high the packets 
can be torn. Copper and piastic-coated steel wire 
were used to attach the packets to trees, roots, 


a Groundwater Tracing 


large rocks, or other anchor points. Packets were 
generally replaced at one to two week intervals, 
depending on the site. During two dye traces, 
packets at Bennett Spring were changed daily to 
yield more accurate timeof-uavel data. 


Dye analyses were performed at the Division of 
Geology and Land Survey’s Environmental Trac- 
ing Laboratory in Rolla, Missouri. Here, the pack- 
ets were washed under a high-velocity water jet to 
remove sediment and extraneous material from 
the packets. The packets are opened, and the 
charcoal placed in plastic specimen containers. 
The charcoal is then elutriated with a 5 percent 
solution of ammonium hydroxide in ethyl alcoho} 
to release the dye from the charcoal. After an 
hour, 4 rol of elutriant is pipetted from the char- 
coal, placed in a sample holder, and analyzed. 


A Shimadzu Model RF-540 scanning 
spectrofluorophotometer was used to determine 
the presence of fluorescent dye in the samples, 
The instrument is interfaced to an IBM PC, which 
controls the spectrofluorophotometer and records 
digital output data. Spectrofluorogramss are printed 
from the processed output data. Fluorescein and 
Uranine C, in a 5 percent solution of ammonium 
hydroxide in ethyl alcohol, have excitation peaks 
of about 500 nanometers (nm) and emission 
peaks of about 517 nm. Rhodamine WT has an 
excitation peak of about 550 nm and an emission 
peak of 568 nm. The spectral characteristics of 
the two dyes allow both to be used in the same 
area simultaneously; both can be analyzed during 
a single sample scan using the spectrofluoro- 
photometer. 


To analyze for dye content, the excitation 
and emission monochromators on the 
spectrofluorophotometer are set fora 17 nm 
spacing. Starting excitation and emission 
wavelengths are set at 475 nm and 492 om, 
and ending excitation and emission wave- 
lengths are set at 575 nm and 592, respec- 
tively. During the sample scan, the mono- 
chromators, which control the light wave- 
lengths emitted and received, are advanced 
synchronously to maintain a 17-nm spacing. 
If the dyes are present in the sample, fluores- 
cence will be greatest when the excitation and 
emission monochromator wavelengths coin- 
cide with the excitation and emission peaks of 
the dyes. The spectrofluorograms will con- 


tain an emission peak at about 517 nm for 
fluorescein and Uranine C, and 568 nm for 
Rhodamine Wt. Scan results are compiled by 
the computer, and graphically depicted on 
the spectrofluorograms. Figure 29 shows 
spectrofluorograms from a sample contain- 
ing no dyes, a sample containing fluorescein, 
a sample containing Rhodamine Wt, and a 
sample containing both dyes. 


Dye tracing in the study area began with plac- 
ing activated charcoal packets in springs and 
gaining streams to quantify background fluores- 
cence. Certain naturally occurring fluorescent 
materials can be present in the environment. 
Also, the dyes used for tracing have other com- 
mercial applications; fluorescein is used as a 
coloring agent in certain household products and 
automotive antifreeze. Background fluorescent 
data are used to determine if extraneous fluores- 
cent materials are present that could interfere with 
a dye trace. 


Dye injection locations must be carefully se- 
lected. The site must be a point of known surface 
water loss. Additionally, there must be water 
available to carry the dye from the surface Into the 
subsurface. With sinkhole injection sites, this 
requires injecting the dye into runoff following 
heavy precipitation or hauling water to the sink- 
hole. Most losing streams are completely dry for 
long reaches in dry weather, but many have small 
springs along their reaches or on their tributaries 
that provide flow fora short distance before losing 
into the subsurface. These are generally satisfac- 
tory dye injection sites. Many times, following 
precipitation, losing streams will carry water. 


An excellent time to inject dye into a losing 
stream is when stream flow is receding before the 
stream becomes completely dry. 


The amount of dye necessary for a successful 
groundwater dye trace varies depending on injec- 
tion site conditions, local rainfall, anticipated travel 
distance, and recovery-site flow characteristics. 
Traces performed during this study typically used 
from one to six pounds of fluorescein or Uranine C, 
or up to 3.5 liters of Rhodamine Wt (20%) for travel 
distances from less than a mile to almost 20 miles. 
tn one case, fess than one liter of Rhodamine WT 
(20%) was used for a 13.8mile trace. 
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Figure 29: Spectrofluorograms of activated charcoal samples containing no dye, fluorescein dye, and 
Rhodamine WT dye. 
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During this study, 18 dye traces to nine springs 
from 14 dye injection sites were completed. In 
fourinstances, dye from a single injection site was 
recovered at more than one spring. In these cases, 
each spring that received dye is considered a 
separate dye trace, so four of the injection sites 
accounted foreight dye traces. Dye from the other 
10 injection sites was recovered at single springs. 
Dye recovery packets were placed at 45 sites 
throughout the study area (fig. 30). Table 21 lists 
the sites, their reference numbers, and type of 
monitoring. Some of the sites were monitored 
nearly continuously throughout the study; others 
were monitored temporarily in conjunction with a 
particular dye trace. In all, 586 dye recovery 
packets were collected and analyzed. With most 
of the traces, dye was recovered within two to four 
weeks after it was injected. However, since onty 
two types of dye were used, time had to be allowed 


Dye Traces 


for the dye to be flushed from the groundwater 
system before another trace could be initiated. 
Depending on the amount of dye used, discharge 
of the spring, and precipitation, it took several 
weeks to several months before residual dye was 
flushed from the spring systems. 


Figure 31 shows injection and recovery sites for 
dye traces conducted in the study area. The map 
lines used to connect injection with recovery sites 
are straight, where possible, but are not meant to 
represent the actual path of groundwater move 
ment. Traces DT 1 through DT 18 were conducted 
during this study; previous traces are referenced 
by investigator and year. Tables 22 and 23 list 
injection and recovery site names and locations, 
injection and first recovery dates, and other physi- 
cal data. Highlights of the individual traces are 
presented in the following section. 


SUMMARIES OF INDIVIDUAL DYE TRACES 


UPPER FOURMILE CREEK TRACE, DT 1 


Fourmile Creek is a losing stream through- 
out much of ifs reach, but contains two signifi- 
cant reaches where it is a gaining stream. 
One gaining reach Is in the upstream part of 
the watershed. Here, the stream flows on 
upper Roubidoux Formation, but the uplands 
are underlain by Jefferson City Dolomite. 
During dry weather, flow disappears into the 
subsurface about a mile downstream of Route 
B in Dallas County near Long Lane. 


On June 27, 1989, six pounds of Uranine C 
was placed in Fourmile Creek about 200 feet 
upstream of the water-loss zone. Light rain 


was occurring at the time, but there had been 
little rainfall during the preceding weeks. There 
was about 30 gpm flowing in Fourmile Creek 
where the dye was injected; it disappeared 
into the subsurface at a shallow pool rimmed 
by bedrock. Downstream were scattered pools, 
but there was no flow for at least 2 miles. 
Upstream from this point, Fourmile Creek 
drains 3.32 mi*. The dye was recovered 8.5 
miles to the northeast, between 14 and 22 
days later, at Bennett Spring. Dye recovery 
packets placed at a gaining reach in middle 
Fourmile Creek and at the mouth of the creek 
did not contain dye. 


JONES CREEK TRACE, DT 2 


Jones Creek drains a 34.3 mi’ area between 
Conway, Missouri, and the Niangua River. Itis 
a gaining stream throughout much of its 
length, but contains a losing zone about 1.5 
mites long in its middte reach. Its two major 
tributaries, Starvey Creek and Goose Creek, 


contain upper-watershed gaining reaches, but 
lose flow in their downstream reaches. Much 
of the uplands are underlain by Jefferson City 
Dolomite, but Jones Creek flows on Roubidoux 
Formation throughout most of its length. 
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Figure 30: Dye monitoring sites. 
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MAP DYE MONITORING SITE NAME LOCATION TYPEOF |. 
NUMBER MONITORING 

1 Hahatonka Spring SW 1/4 Sec.2, T.37N, R17 W. Cc 
2 Sweet Blue Spring NE 1/4 Sec.30, T.36N,, R.17W. I 
3 Niangua River near Sweet Blue Spring NE 1/4 Sec. 30, T.36N., R. 47 W. T 
4 Niangua River at Prosperine Access SW 1/5 Sec.5, T.35N., R.17 W. T 
5 Sand Spring SE 1/4 Sec.25, T.35N., R. 18 W. Cc 
6 Niangua River above Bennett Spring NE 1/4 Sec. 36, T.35N., R.18 W. I 
7 Famous Blue Spring NW 1/4 Sec. 36, T.35N., R. 18 W. Cc 
8 Bennett Spring (3 sites) NW 1/4 Sec. 1, T.34N., R.18 W. Cc 
9 Spring Hollow above Bennett Spring NE 1/4 Sec.1, T.34N., R. 18 W. I 
10 Niangua River at Moon Valley Access SW 1/4 Sec.2, T.34N,, R. 18 W. I 
il Unnamed creck al Moon Valley Access SW1/4 Sec.2, T.34N., R18 W. T 
12 Niangua River below Fourmile Creek NE 1/4 Sec.8, T.34N, R.18W. I 
13 Fourmile Creek at mouth NE 1/4 Sec.8, T.34N, R.18W. I 
14 Fourmile Creek near Fourmile Cemetary NW 1/4 Sec. 24, T.34N., R.18 W. T 
15 Benton Creek near mouth NW 1/4 Sec. 11, T.34N., R.19 W. T 
16 Niangua River at Missouri Highway 32 SW 1/4 Sec. 28, T.34N., R.19 W. I 
17 Dousinbury Creek at Route JJ SE {/4 Sec. 12, T.33N., R.19 W. I 
18 Dousinbury Creek at Route P SE 1/4 Sec. 15, T.33N., R.18 W. T 
i9 Niangua River above Route M SE1/4 See. 2, T.32N., R.19 W. Cc 
20 Johnson/Wilkerson Spring SE 1/4 Sec.2, T.32N., R.19W. Cc 
21 Jones Creek near mouth NE 1/4 Sec. 11, T.32N.,, R.19 W. T 
22 Jones Creek at Gunter farm SWi/4 Sec.8, T.32N., R.18 W. T 
2B Gunter Spring NW 1/4 Sec. 17, T.32N., R. 18 W. T 
24 Starvey Creek near mouth SW 1/4 Sec. 10, T.32N., R. 18 W. T 
25 Jake George Springs (3 sites) SE 1/4 Sec. 13, ¥.32N., R. 19 W. T 
26 Niangua River above Jake George Springs SW 1/4 Sec. 13, T.32N., R.19 W. T 
27 Niangua River al Gourley Ford Bridge NE 1/4 Sec.30, T.32N., R. 18 W. I 
28 Vineyard Spring NW 1/4 Sec. 28, T.31N, R.18 W. T 
29 Cliff Spring NW 1/4 Sec.9, T.35N., R. 14 W. J 
30 Osage Fork at Hull Ford Access NW 1/4 Sec. 4, T.34N., R. 14 W. T 
31 Mill Creek at mouth NE 1/4 Sec. 5, F.34N., R.14 W. T 
32 North Cobb Creek at Missouri Highway 32 NW 1/4 Sec. 28, T.34N., R.14 W. T 
33 North Cobb Creek, county rd. above Mo. 32 NW 1/4 Sec. 32, T.34N., R.14 W. T 
34 Brush Creek, first county rd. above mouth NW {/4 Sec.36, T.33N., R. 16 W. Cc 
35 Brush Creek at Route PP SE 1/4 Sec. 27, T.33N., R.16 W. T 
36 Selvage Holfow at Route C SW 1/4 Sec. 22, T.33N., R. 16 W. A 
37 O’dell Spring #2 SE 1/4 Sec. 21, T.33N., R.16 W. T 
38 O’dell Spring #1 SE 1/4 Sec. 21, T.33N., R.16 W. ah 
39 Brush Creek near Bear Thicket Church NE 1/4 Sec.32, T.33N., R.16 W. ad. 
40 Osage Fork below Randolph Spring SE 1/4 Sec.31, T.33N., R.1S W. Cc 
41 Randolph Spring NE (/4 Sec.6, T.32N., R.15 W. I 
42 Big Spring NE 1/4 Sec.6, T.32N., R.15 W. I 
43 Osage Fork above Big Spring NW 1/4 Sec. 5, T.32N., R.15SW. T 
44 Parks Creek at Route J SW 1/4 Sec.7, T.32N., R.15 W. T 
4S Osage Fork at Route J SW 1/4 Sec.7, T.32N., R.15 W. T 


*C Continuous dye-monitoring site 
I Intermiltent dye-monitoring sitc 
T Temporary dye-monitoring site 


Table 21: Dye monitoring sile names, localions, and types of moniloring. 
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During dry weather, upper Jones Creek loses 
flow into the subsurface about 1 mile upstream of 
Route M in Dallas County, some 4 miles west of 
Conway. On August 30, 1989, one pound of 
fluorescein dye was injected into Jones Creek at 
this water-loss zone. Flow immediately upstream 
was about 30 gpm. Dye entered the subsurface at 
a bedrock-floored pool near where a fault crosses 
the creek. Upstrearn from the dye injection site, 
Jones Creek drains 11.1 mi?. 


Dye recovery packets were placed at several 
small springs along lower Jones Creek, in the 


creek near its mouth, in the Niangua River at 
Route M about 1,500 feet downstream of its 
confluence with Jones Creek, and at major springs 
in the study area. None of the sites along Jones 
Creek showed dye, but fluorescein was recovered 
in the Niangua River at Route M between five and 
34 days afterinjection. A spring branch was found 
entering the Niangua River from the east between 
Route M and the mouth of Jones Creek. Dye 
recovery packets placed in this spring branch, 
which carries flow from Johnson-Wilkerson Spring, 
contained the dye. The spring was previously 
unreported. 


CAVE CREEK TRACES, DT 3 AND DT 4 


Cave Creek drains a 13.3 mi? area in Dallas and 
Laclede counties on the east side of the Niangua 
River north of Highway 32 and west of Route OO. 
The creek intersects the Niangua River a few miles 
upstream of Bennett Spring, but provides no flow 
except during high-runoff periods. Atits mouth, the 
channel is irregular, contains coarse gravel and 
boulders, and shows signs of infrequent flow. Higher 
elevations jn the watershed are underlain by 
Roubidoux Formation, but the channel is devel- 
oped mostly in Gasconade Dolomite. 


About 3.5 miles south of Bennett Spring, at the 
only county road that crosses Cave Creek, flow 
from small, upper-valley springs in an unnamed 
northern tributary enters the Cave Creek valley. 
Flow reaches the Cave Creek floodplain, but dis- 
appears into the gravel before it reaches the 
channel, On September 6, 1989, 3.5 liters of 
Rhodamine WT (20%) dye was injected into the 


10-gpm flow disappearing into Cave Creek altu- 
vium. Dye was recovered at Sand Spring, 4.7 
miles north, 28 to 34 days after injection. Famous 
Blue Spring, a few thousand feet southwest of 
Sand Spring, was not initially monitored, but dye 
recovery packets placed there 75 days after injec- 
tion showed strong Rhodamine WT content. Rho- 
damine was detectable at both springs for the next 
nine months. 


It is interesting to note that both Sand Spring 
and Famous Blue Spring are on the opposite side 
of the Niangua River from where dye was injected 
into Cave Creek. Dye recovery packets placed in 
the Niangua River at Moon Valley, upstream from 
Sand and Famous Blue springs but downstream 
from the mouth of Cave Creek, showed no dye. To 
emerge at Sand Spring and Famous Blue Spring, 
recharge from Cave Creek must cross beneath the 
Niangua River. 


EAST FORK NIANGUA RIVER TRACES, DT 5 AND DT 6 


Though a gaining stream throughout most of its 
reach, the Niangua River contains a major water- 
loss zone in the upper watershed north of Marshfield 
in Webster County, where the East Fork and West 
Fork merge. Seepage runs by the U.S. Geological 
Survey (Harvey et al., 1983) show both forks lose 
flow, but water loss is most significant on the East 
Fork Niangua River. Nearly all of the East Fork is 


a gaining stream, but about a mile upstream of the 
West Fork confluence, below several beaver dams. 
flow disappears into the gravel streambed. Ex- 
cept during wet weather, the channel recnains dry 
for the next mile downstream. Jefferson City and 
Cotter dolomites form the bedrock surface through 
most of the watershed, but downstream from |-44 
the creek is in Roubidoux Formation. 
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Figure 31: Dye traces in the Bennett Spring area. Arrows point to where dye was recovered. 
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On November 21, 1989, 3.5 liters of Rhodamine 
WT (20%) dye was injected into the streambed of 
the East Fork Niangua River about 6 miles north of 
Marshfield and a mile upstream from West Fork. In 
the quarter-mile reach upstream from the injection 
site, East Fork was losing an estimated 0.5 ft?/sec. 
Upstream, East Fork Niangua River drains 24.9 
mi’, The dye disappeared into the subsurface at a 
discrete point downstream of the lowermost beaver 
dam within 10 minutes after injection. Down- 
stream, there was no flow on either the East Fork or 
the West Fork, and for at least 0.25 mile down- 
stream of Route Y. 


Dye was first recovered between 9 and 14 days 
later in the Niangua River upstream from Route M. 


A dye recovery packet placed in the Niangua 
River at Gourley Ford Bridge, the only river cross- 
ing between Route Y and Route™M, did not contain 
dye. Jake George Springs, between Gourley Ford 
Bridge and Route M, are the only major ground- 
water outlet in this reach, and are the likely 
outflow points of the dye. 


Between 14 and 27 days after injection, 
dye also began emerging at Bennett Spring. 
From the injection site to Jake George Springs 
is about 4.9 miles; the straight-line distance 
to Bennett Spring is 19.3 miles. Dye from the 
trace was detectable in the Niangua River at 
Route M and at Bennett Spring until early 
February, 1990. 


STEINS CREEK TRACE, DT 7 


Steins Creek is a major losing-stream tributary 
of the Osage Fork of the Gasconade River. ft drains 
a 44.5 mi? area east of Grove Spring and south of 
Orla, Missouri, on the south side of the Osage 
Fork. There are few places along Steins Creek 
where dry-weather flow occurs; a few small springs 
provide minor flow for short reaches where the 
stream travels on Jefferson City Dolomite. Other- 
wise, the creek is usually dry from headwaters to 
mouth. 


On January t1, 1990, Dave Hoffman, Division 
of Geology and Land Survey, injected 15 pounds 
of fluorescein into Steins Creek downstream of a 
small spring. Flow entered the subsurface within 
a few hundred feet downstream. Upstream, Steins 
Creek drains about 5.6 mij’. This trace was in- 


tended to not only show where flow fost in Steins 
Creek watershed reappears, but to help delineate 
a major groundwater divide. Earlier dye tracing by 
the Division of Geology and Land Survey showed 
that flow lost in Gasconade River tributaries a few 
miles south of Grove Spring reappears at springs 
in the North Fork River basin, 


Dye was recovered at Big Spring, on the Osage 
Fork, 10.4 miles northwest of the injection site. 
Accurate travel-time data are not available, but 
the dye reappeared fess than 41 days after injec- 
tion. High Rows on the Osage Fork, from precipi- 
tation in late January and February, 1990, made 
it difficult to retrieve dye recovery packets for 
several weeks. Dye was detectable at Big Spring 
for almost six months. 


NORTH COBB CREEK TRACE, DT 8 


North Cobb Creek, with a drainage area of 53.3 
mi’, is a major losing stream on the north side of 
the Osage Fork, and drains the area southeast of 
Lebanon. For about 6 miles upstream fromm its 
mouth, it is a gaining stream and there is nearly 
perennial flow. Upstream from here, though, 
groundwater levels are below the valley bottom, 
and the stream carries flow only briefly after heavy 
precipitation. Roubidoux Formation directly un- 
derties North Cobb Creek essentially from head- 


waters to mouth. In the downstream reach where 
itis a gaining stream, the Roubidoux is not deeply 
weathered and Jefferson City Dolomite underlies 
the uplands. However, in the upstream part of the 
watershed where North Cobb Creek is a losing 
stream, the Roubidoux is deeply weathered and 
contains numerious sinkholes. Though much of 
the runoff in North Cobb Creek watershed is lost 
into the subsurface, heavy precipitation can gen- 
erate significant runoff. In May, 1990, a storm with 
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locally as much as 6 inches of rainfall, caused 
severe flooding and destroyed the Highway 32 
bridge crossing tower North Cobb Creek, 


On February 27, 1990, 3.5 liters of Rhodamine 
WT (20%) was injected Into the bed of North Cobb 
Creek at its confluence with South Fork North 
Cobb Creek, about 4.5 miles southeast of Leba- 
non. Small springs a short distance upstream of 
the injection point provide a few gallons of water 
per minute flow, but it disappears into the stre- 
ambed within a short distance downstream. There 
is one sizable, perennial pool about % mile down- 
stream, but there is no flow for several miles. The 
creek at this point drains 15.4 mi’, but seldom 
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receives surface-water runoff, The streambed is 
mostly coarse gravel and boulders. 


Dye was recovered between 23 and 28 days 
tater, 16.2 miles to the northwest, at Bennett Spring. 
March, 1990 was a very wet month in the area, and 
high discharges at Bennett Spring caused by ground- 
water recharge quickly flushed dye from the sys- 
tem. Dye was detectable at Bennett Spring for only 
about four weeks. Though there were several 
heavy rains, little runoff reached the dye injection 
site. Dye recovery packets placed in the gaining 
reach of North Cobb Creek downstream of the 
injection site, at springs on the Osage Fork, and at 
several places in the Osage Fork, received no dye. 


GOODWIN HOLLOW TRACES, DT 9 AND DT 10 


Goodwin Hollow is a major losing stream drain- 
ing a 72.1-mi* area east of the Niangua River in 
north-central Laclede County. It heads about 5 
miles south of Lebanon, and intersects Dry Auglaize 
Creek, another losing stream, about 2 miles from 
the Camden County line in northern Laclede 
County. There are places in the upper watershed 
where pools can be found in the channel, but it is 
considered a losing stream throughout its length. 


In the late 1960s, Bennett Spring experienced a 
gradual increase in nitrate and phosphate content. 
A study by Dean et al. (1969) concluded it was 
due, in part, to municipal wastewater released into 
Goodwin Hollow at Lebanon. A dye trace was 
conducted to substantiate this, and dye injected 
into Goodwin Hollow downstream of the wastewa- 
ter treatment plant outfall reportedly was recov- 
ered at Bennett Spring. However, many of the 
details concerning the trace have been lost, so the 
trace was repeated during the present study to 
verify the eartier results. Since the original dye 
trace, Lebanon has constructed a new wastewater 


treatment plant, which discharges into Dry 
Auglaize Creek. 


On April 19, 1990, six pounds of Uranine C 
fluorescent dyé was introduced into flow in Goodwin 
Hollow about 1.5 miles downstream of Missouri 
Highway 64, just northwest of Lebanon. The dye 
was injected into a flow of about 10 gpm that was 
disappearing at a gravel-bottomed pool; there was 
no flow downstream for at least %4 mile. Upstream 
from the dye injection site, Goodwin Hollow drains 
36.5 mi’. 


Dye was recovered at Bennett Spring, 9.1 miles 
to the west, 14 to 25 days later. Dye was also 
recovered during this same interval at Sweet Blue 
Spring 11.7 miles northwest of the injection site. 
Dye from Goodwin Hollow was detectable at 
Bennett Spring until about July 19. However, at 
Sweet Blue Spring, dye was not detected after May 
23. Also, dye concentrations in packets from 
Bennett Spring were considerably higher than 
those at Sweet Blue Spring. 


BRUSH CREEK TRIBUTARY TRACE, DT 11 


Brush Creek is a northern tributary of the Osage 
Fork in southwestern Laclede County. The stream 
drains 42.2 mi”. From the mouth to just upstream 
of Route PP, Brush Creek is perennial and consid- 
ered a gaining stream. In the upper part of the 


watershed, where Jefferson City Dolomite forms 
the bedrock surface, there are some short gaining 
reaches. Throughout most of its length, however, 
Brush Creek and its tributaries are typically dry 
and lose flow into the subsurface. Primarily, the 


REFERENC LNJECTION SITE NAME COUNTY LOCATION DYE TYRE AND INJECTION DATE RECOVERY SITE NAME COUNTY LOCATION FIRST RECOVERY 
NUMBER {Q-SEC-TWH-RNG) AMOUNT AND TIME {Q+SEC-TRN- RNG) INTERVAL 
(LONG EN} - LAT [W} } {LONG [IH] -LAT [Ww] ) FROM-TO 
DT i UPPER FOURMILE CREEK DALLAS BW 5 04 T33H RisW URANINE ¢ JUN 27, 1989 BENNETT SPRING DALLAS Nw s 01 T34N Ri6H GUL 11, 1999 
33.36,13-92 55.07 6 POUNDS 41306 HRS 37,43,00-92.51.24 JUL 19, 1989 
DT 2 JONES CREEK, DALLAS SE 5 03 T32N Ri6W FLUORESCEIN AUG 40, 1989 JOUNSON/ WILKERSON DALLAS SE 5 02 T32N RI9W SEP 5S, 1989 
37,51,01+92.53.47 1 POUND aago HRS SPRING 37,31.00-92,58,51 OCT 4a, 1989 
DT 3* CAVE CREEK DALLAS NE S id T34N RiSW RHODAMINE WT SEP &, 1989 SAND SPRING DALLAS SES 25 TS5N RisW OCT 4, 1989 
37.40,00-92.52,02 3,5 LITERS 1000 HRS 37.44 10-92.51,41 Oct 10, 19389 
DT 4 CAVE CREEK DALLAS NE $ 14 Ta4H R18 RHODAMINE WT SEE 6, i929 FAMOUS BLUE SPRING DALLAS NW S 36 T3SN FISH SEP 6, 1989 
37°40,00 $2,52.02 3,5 LITERS 1900 HRS 37.43,85-92.52.14 NOV za, 1989 
DT 5* EAST FORK NJ ANGUA WEBSTER NW 5 03 T31N R18W RHODAMINE WT NOV 21, 1949 NIANGUA RIVER AT DALLAS SES D2 T32N RISW NOY 36, 1989 
RIVER 37.,.26,23-92 54.15 4.5 LITERS 1500 HRS ROUTE M 37° 31.08-92,59,02 DEC 5, 1999 
DT 4" EAST FORK NTANGUA WEBSTER MW S 03 Ta1N R18W RHODAMINE WT Mov Z1, 1999 BENNETT SPRina DALLAS NWS 01 TaqN R168 DEC 5, 1989 
RIVER 37 26.23-92.54.15 3.5 LITERS 1500 HRS 37,.49.00+92,51.2d DEC 18, 1999 
pr? STEINS CREEK WRIGHT NE S$ 24 T31H RISW FLUORESCSIN JAN 11, 1990 BIG SPRing LACLEDE NE S 06 T32N RISW JAN 21, 1990 
BT, .22.22-92.34.46 1930 HRS 37 81.10-92.36,48 FEB 21, 1999 
OT a NORTH COBB CREEK, LACLEDE SE 5 28 T34N R1SW RHODAMINE WT FEB 27, 1990 BEUMETI SPRING DALLAS Nad 5 01 T34N RIGW MAR 22, 1930 
37,47,42-92.35.00 3.5 LITERS 1400 HRS 37°49 00-92.51.2d MAR 27, 1990 
DT 9 SCOLWTN HOLLOW LACLEDE NE 5 04 T34N RI6W URANINE © ABR 13, 1990 BERNETT SPRING DALLAS NWS 01 Ta4N R1eW MAY 3, 1934 
37°42 A4-92.4d1 30 6 POUNDS 1230 HRS 37.93.00-92,91.24 MAY 1d, 1990 
DT 10+ COODWIN HOLLOW LACLEDE NE S 04 T34N R16W URANINE ¢ APR 19, 2999 SWEET BLUE SPRING LACLEDE NE 5 30 T36N RI7N MAY 3, 1994 
37,42.44-92 41.30 6 POUNDS 1234 HRS 37,.50,03-52,80,20 MAY 74, 1990 
DT 11 SRUSH CREEK NEAR LACLEDE SE 5 30 T33N Rl6éW RHODAMINE wr JUN 1, 1990 BENNETT SPRING DALLAS NWS 01 T3468 RIGH JUN 6, 1990 
PHILLIPSBURG 37,32,40-92.49 48 J LITER 1600 HRS 37.43.00-92,43.d8 JUN 1s, 1990 
OT 12 UNNAMED TRIBUTARY OF DALLAS NWS 06 T322N R16W RHODAMINE Wr gUN &. 1990 RANDOLEH SPRING LACLEDE NE 5 04 T32N RASW JUN §, 1996 
OSAGE FORK 37.3%.04-92.37.50 500 ML 1215 HRS 37,91.14-92.37.0% JUN 12, 1990 
OF 13 BEAR THICKET Sink LACLEOE SWS 28 T33N R16W URANINE C UL 26, 1994 BENNETT SPRING DALLAS NWS 01 T2aN RisW AUG 6, 1990 
37,.32.44-92.42.10 5 POUM 1445 HRS 37.43,00-92.51.24 AUG 7, 1996 
OT 14 WEST FORK NLANCUA WEBSTER SE 8 26 T31N RleW RHODAMINE wr SEP 19, 1990 YINEYARO SPRING WEBSTER NWS 28 T31N RiSW SEP 19, 1990 
RIVER 37,22.31-92.55,03 200 ML 1630 HRS 37.22.44-92.55 19 SEP 25, 1950 
DT 15% DRY FORK FOURMILE DALLAS NE $ 26 T44N Rl8W FLUORESCEIN ocT 5, 1990 SAND SPRING DALLAS SE 5 25 T35N RSW OCT 17, 1990 
CREEK 37.38.31-92-54.43 2 POUNDS 1590 HRS 37.44,10-92.54.48  oOcr 2d, 1990 
DT 16+ DRY PORK POURMILE DHLLAS NE S 26 T34N Rls FLUORESCEIN ocT 5, 1990 FAMOUS BLUE SPRING DALLAS NHS 36 TSSN RlaW SEP 25, 1990 
CREEK 47.36.31-32 54.43 2 POUNDS 1500 HRS 37,43,55-92 52.13 OCT 2a, 1990 
OT 17 DOUSINBURY CREEK LACLEDE SE S$ 18 T33N R17W RHGDAMINE ¥T cot 10, 1999 BENNETT SPRING DALLAS NWS 01 T34N R1IBW NOV 15, 1990 
37°34,25-92.50,05 2 LITERS 1640 HRS 37.43 00-92.51,29 NOY 2a, 1994 
DT 18 SPRING HOLLOW LACLEDE SE S$ 27 TaaN R17W FLUORESCEIN DEC 5, 1990 BENNETT SPRING DALLAS NWS 01 T34N RIGN DEC 1T, 1990 
37,.38.04-92 47 06 1 POUND 1500 HRS 37,44.00-92.51.24 Dac 19, 1996 
VEE, 1987 UNNAMED TRIBUTARY OF LACLEDE Wa S§ 23 T34N RUTH FLUORESCEIN TUL 1, 1987 BENNETT SPRING DALLAS. WA S$ 01 T34N Ri8W JUL 8, 1987 
SPRING HOLLOW 37,39.07-92.46,31 4 POUNDS 1445 ARS 37.449 00-92,51.24 JUL 14a, 1987 
MAY, 1980 DRY AUGLAL¢® SINE LACLEDE NE S 24 T36N R16W RHODAMINS WT APR 18, 1960 HAHATONRA SPRING CAMDEN SWS 02 T57N RIJW APR 25, 1980 
37 590.95-92 38.30 a2 LITERS 1000 HRS 37,.56,.26-52,46.01 MAY 2, 1999 
M. 1978 LOWER BEAR CREEK LACLEDE SWS O07 T35N Sia RHODAMINE WT APR 26, 1978 CLIFF SPRING LACLEDE NWS 09 T25N Ridw APR 20, 1978 
37 46.26-92,30 29 tee sae 37,.47,06-92.20.493 APR 22, 1978 
SéM, 1976* DRY AUGLALZE CREEK LACLEDE NE ¢ $0 T35N Risw RHODAMINE “T NOV 3, 4976 SWEET BLU SPRING LACLEDE ME S$ 30 T36N Rl7w NOV 26, 1976 
37.44,36-92.37 29 aes . 37,50,09-92,50,20 BBC 5, 1976 
SM, 1976" DRY AUGLAIZE CREEK LACLEDB NE S 30 T3SN R15@ RHODAMINE WE NOY 3, 1976 HAHATONSZA SPRING CAMDEN SES 02 T37H RI7W DEC 18, 13976 
37.44.96 92.27.29 sis oe 37,58,26°92.46.01 DEC 26, 1976 


" INDICATES DYE WAS RECOVERED AT MORE THAN ONE SITE 


INDICATES DATA 18 WISS1NG CR 1S INADZQUATE FOR CALCULATIONS 


Table 22: injection and recovery data for dye traces in the Bennett Spring area. 
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REFERENCE INJECTION SITE NAME INJECTION RECOVERY SITE NAME RECOVERY STRAIGHT LINE TRAVEL TIME SLOPE 
NUMBER ELEVATION ELEVATION DISTANCE MIN MAX  CFT/MI} 
(PT-MSL} (FT: MSL} (MILBS) (DAYS) 
or il UPPER FOURMILE CREEK 1105 BENNETT SPRING a7 &.5 44 22 27.6 
or 2 JONES CREEK 1175 JOHNSON/ WILKERSON SPRENG 1080 4.6 5 a4 20.7 
DT 43* CAVE CREEK 990 SAND SPRING $45 4.7 24 34 30.9 
OT 4* CAVE CREEK 990 PAMOUS BLUE SPRING §50 4.6 aa 75 30.4 
OT gf EAST FORK NIANGUA RIVER 1145 NIANGUA RIVER AT ROUTE M 1965 7.9 9 14 41.5 
OT 6* BAST FORK NIANGUA RIVER 1145 BENNETT SPRING 870 19.3 14 2T 14.3 
oT 7 STEIWNS CREEK 1345 BIG SPRING 1056 10.3 BS 41 24.6 
DY @ NORTH COBRA CREEK 1107 BENNETT SPRING 479 16.2 24 29g 14.4 
Dr 9 GOODWIN HOLLOW 1llz? BENNETT SPRING avo S.1 id 25 28.2 
DT 1o* GOODWIN HOLLOW tle? SWEET BLUE SPRING 770 11.7 14 25 30.5 
DT il BRUSH CREEK TRIBUTARY 1205 BENNETT SPRING $76 13.4 = 12 24.3 
DY je OSAGE FORK STATE FOREST 1115 RANDOLPH SPRING 1055 o.4 ae 4 73.0 
DT 13 BEAR TRICKET SInk 1140 BENNETT SPRING 870 14.7 11 12 18.4 
OT 14 WEST FORK MNIANGUA RIVER t265 VINEYARD SPRING 1260 0.34 = 6 14.7 
DT 15* BRY FORK FOCURMILE CREEK 19050 SAND SPRING 45 7a 12 19 29.4 
OT 16* ORY FORK FOURMILE CREEK 1050 FAMOUS 8LUE SPRING 680 6.8 = lg 29.4 
OT 17 LOUSINBURY CREEK 1240 BENNETT SPRING 87g 14.0 45 4% 37.0 
oT ia SPRING HOLLOW Liga BENNETT SPRING a70 6.9 42 14 36.2 
VGE, 1967 SPRING HOLLOW TRIBUTARY 1479 BENWETT SPRING aro 6.3 4q 4a 47.6 
MaV, 1980 DRY AUGLAIZE SINK 570 HAHATONEA SPRING 670 11.0 7 a4 27.3 
M, 1974 LOWER BEAR CREEK 45 CLIFF SPRING 50 1.9 * 2 64.3 
S4M, 1976* ORY AUGLAIZE CREEK 1095 SWEET BLUE SPRINGS 770 da.4 23 32 24.3 
54M, 1976* DRY AUGLAIZE CREEK 1055 HAHATONEA, SPRING 670 17.46 45 ad 24.1 


* INDICATES DYE WAS RECOVERED AT MORE THAN ONE SITE 


Table 23: Elevation, distance, ravel time, and velocity data for dye traces in the Bennett Spring area. 


ec: INDICATES DATA IS MISSING Of IS INADEQUATE FOR CALCULATIONS 
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losing zones are directly underlain by Roubidoux 
Formation. The losing portion of Brush Creek 
watershed, including Selvage Hollow, has an area 
of about 27.9 mi’. 


On June 1, 1990, approximately one liter of 
Rhodamine WT (20%) dye was introduced into 
flow disappearing into the bed of a smal! Brush 
Creek tributary about 3 miles east of Phillipsburg, 
Missouri. Upstream from the dye injection point, 
the unnamed tributary drains 0.27 mi*?. The dye 
was injected where a flow of about 20 gpm was 
disappearing into a small depression in the stre- 
ambed along the county road right-of-way; it was 


carried underground within minutes after injec- 
tion. There was no flow in the tributary down- 
stream for about one-quarter mile to where it 
enters Brush Creek, but because of recent heavy 
rainfall, Brush Creek was carrying flow through 
this reach. 


A telatively small arnount of dye was used ta 
determine if it would reappear in Brush Creek. 
Surprisingly, though only a small amount of dye 
was used it was detected at Bennett Spring bo 
tween five and 14 days after injection, 13.8 miles 
to the north. Dye was not detected in Brush Creek, 
or at springs along the Osage Fork. 


OSAGE FORK STATE FOREST TRACE, DT 12 


Osage Fork State Forest is a small Missouri 
Department of Conservation forest west of the 
Osage Fork and south of Brush Creek, in 
southern Laclede County. A smail, unnamed 
Osage Fork tributary flows through the 
parcel, and enters the Osage Fork about 1,000 
feet downstream of Randolph Spring. The 
creek is typically dry throughout most of its 
reach, but small springs at the western edge 
of the state forest boundary provide flow for 


a short distance before the water is lost 
underground, 


On June 8, 1990, 500 ml of Rhodamine WT 
(20%) was injected into water disappearing into 
the streambed. The dye reappeared within four 
days at Randolph Spring, 0.8 mifes to the east. 
Dye concentration at Randolph Spring was quite 
high, but no dye was recovered at Big Spring, a 
short distance upstream. 


BEAR THICKET SINK TRACE, DT 13 


Bear Thicket sink lies near a county road only 
a few hundred feet east of the Bear Thicket Church, 
about 5 miles east of Phillipsburg. The sinkhole is 
not shown on the Brush Creek 7.5 minute quad- 
rangle, probably because it is fairly shallow and 
well hidden in trees and brush, The sinkhole is 
only a few feet above Brush Creek floodplain, and 
receives runoff from a 300-acre drainage. On the 
topographic map, an ephemeral watershed just 
north of the sinkhole is shown draining into a small 
pond, and then into Brush Creek. In reality, flow 
never reaches the pond; water flowing to the 
east in the small creek reverses direction 
upon reaching the pond dam, and flows west 
into the sinkhole. 


Jefferson City Dolomite underlies the uplands 
in this area, and there are numerous small seeps 


along the hillsides and several dug welts with 
shallow water levels. However, the valley bottoms 
are Roubidoux Formation, and flow from uptard 
areas loses into the subsurface once it reaches the 
valleys. Brush Creek channel is only one-quarter 
mile southeast of the sinkhole, and through this 
reach Brush Creek is a losing stream. 


in the early moming hours on July 26, 1999, 
thunderstorms dropped as much as 4 inches of 
precipitationin the area. At about 1445 hours, five 
pounds of Uranine C fluorescent dye was placed in 
flow disappearing through the base of the sink- 
hole. Prior to the rain, there were no discernible 
openings in the bottom of the sinkhole. When the 
dye was injected, a 1.5 foot by 2.5 foot hole hed 
developed in sail materials in its base. Dye was 
almost instantly carried into the subsurface by the 


=== Dye Traces 


2 ft?/sec flow entering the sinkhole throat. Peak 
inflow into the sinkhole, based on high-water marks 
at a road crossing upstream, was an estimated 50 
ft?/sec. 


This dye injection site is only 1.5 miles west of 
the Brush Creek tributary dye trace site, which had 
avery fast travel time to Bennett Spring. To gather 


More accurate time-o-travel data, dye recovery 
packets were changed daily at Bennett Spring. 
Dye began to emerge between 10 and 11 days 
after injection, at Bennett Spring, which is 14.7 
miles north of Bear Thicket sink; straight-line 
velocity was between 1.22 and 1.33 miles per day. 
Dye from the trace was detectable at Bennett 
Spring untif late September, 1990. 


WEST FORK NIANGGA RIVER TRACE, DT 14 


West Fork of the Niangua River, with a drainage 
area of 27.9 mi’, is a gaining stream throughout 
much of its length, but contains two notable water- 
loss zones. In the uppermost watershed, upstream 
from Marshfield’s wastewater treatment plant, the 
stream carries flow much of the time, even during 
dry weather. The first water-loss zone is approxi- 
mately | mile downstream of the wastewater treat- 
ment plant and 900 feet upstream from Vineyard 
Road. Here, during dry weather, the entire flow of 
West Fork is channelled underground. Almost all 
of the flow at this point is treated wastewater. The 
channel remains dry for about 1,700 feet to Vine- 
yard Spring. Vineyard Spring has several outlets, 
including a solution-enlarged bedding plane open- 
ing in Jefferson City Dolomite about 6 feet above 
and 20 feet west of the West Fork channel, and 
several locations where groundwaterrises through 
alluvial gravel closer to the channel. Flow from 
Vineyard Spring was not measured during this 
study, and the spring was previously unreported, 
but it's average discharge is probably about 0.5 
ft?/sec. 


Except during very dry weather, flow appears to 
be continuous between Vineyard Spring and the 
East Fork confluence. However, during extended 
dry periods, flow in West Fork Niangua River 
disappears into the subsurface somewhere in Its 
lower 4-mile reach. 


On September 19, 1990, a dye trace was con- 
ducted to determine the outflow point or paints of 
water lost into the subsurface upstream from 
Vineyard Road. Upstream from this point, West 
Fork drains 4.4 mi’, but water disappearing here 
consists aimost entirely of treated wastewater. 
Temperature and specific conductivity measure 
ments of treated wastewater upstream from the 


water-loss zone and of water from Vineyard Spring 
strongly indicated a hydrologic connection be 
tween the spring and the water-loss zone. Tem- 
perature and conductivity in West Fork just up- 
stream of the loss zone were 64°F. and 790 umho/ 
cm. Vineyard Spring temperature and conductiv- 
ity, 64°F and 740 umho/cm, were both much 
higher than normal for springs in this area. Be 
cause of the probable hydrologic connection, and 
to avoid unnecessary discoloration of the spring 
and stream, only 200 ml of Rhodamine Wt (20%) 
dye was used. The dye was recovered at Vineyard 
Spring during the first sampling period, less than 
six days after injection. 


There was no flow at the East Fork-West Fork 
confluence when the dye was injected, but more 
than 2 inches of precipitatlon on September 21 
and 22 created enough surface- water runoff to 
cause flow throughout the entire reach of West 
Fork. Consequently, dye was also recovered 
during the first sampling interval from dye recov- 
ery packets in the Niangua River at Gourley Ford, 
just upstream from Jake George Springs, and 
upstream from Route M bridge, undoubtedly due 
to dye transported by surface flow. Between 
October 3 and October 12, 1990, 14 to 23 days 
after dye injection, spectrofluorograms of dye 
recovery packets placed in three rises of Jake 
George Springs showed a fluorescence-curve de 
flection in the Rhodamine WT wavelength range. 
Such curve deflections are commonly seen after a 
Rhodamine WT dye trace when nearty all of the 
dye has been flushed from the spring system. 
Enough dye is present to cause a flattening of the 
curve inthe Rhodamine WT wavelength range, but 
insufficient to create a peak. This occurred 
during only one sampling interval, and alone, 
is not sufficient evidence to conclude a hydro- 
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logic connection between water-loss zones on 
West Fork Niangua River and Jake George 
Springs. However, when the results of the 
East Fork Niangua River dye trace are also 
considered, it is likely that Jake George 
Springs receives recharge from the West Fork 
of the Niangua River. 


When this dye trace began, plans calted for a 
second dye injection in the downstream water-loss 
zone on West Fork after results from the first 
injection were known. Unfortunately, frequent 
rainfalls caused continuous flow through the lower 
reaches of West Fork throughout the remainder of 
the study. 


DRY FORK FOURMILE CREEK TRACES, DT 15 AND DT 16 


Dry Fork, with 6.5 mi? of drainage, is a major 
eastern tributary of Fourmile Creek. It drains 
much of the area south and west of Cave Creek 
watershed in eastern Daltas County. Dry Fork is 
a losing stream throughout most of its reach. 
Jefferson City Dolomite underlies the uplands 
in the southem part of the watershed, but the 
valley is developed in Roubidoux Formation. The 
stream contains a short gaining reach upstream 
of Route P where severa) small springs provide 
flow for a few hundred yards. In dry weather, 
though, flow disappears into the subsurface 
before reaching Route P. 


On October 5, 1990, two pounds of fluorescein 
dye were injected into Dry Fork about 800 feet 
upstream from Route P. Upstream from here, Dry 
Fork drains 5.6 mi*. Flow at the injection site was 
5 to 10 gallons per minute, and it disappeared into 
the streambed at a small pool. The dye was 
recovered at Sand Spring, 7.1 miles to the north- 
east, between 12 and 19 days after injection. It 
was also recovered at Famous Blue Spring, 6.8 
miles to the northeast, during the same interval. 
As with the Cave Creek dye trace, dye from Dry 
Fork passed beneath the Niangua River to ernerge 
at Sand Spring and Famous Blue Spring. 


DOUSINBURY CREEK TRACE, DT 17 


Dousinbury Creek, an eastern tributary of the 
Niangua River, drains a 41.8 mJ’ area in southeast- 
ern Dailas and southwestern Laclede counties. 
Jefferson City Dolomite forms the bedrock sur 
face throughout much of the upland portion of the 
watershed, but the creek valley is mostly devel- 
oped in Roubidoux Formation. In its lower reach, 
from about 1.5 miles upstream of Route B cross- 
ing to the Niangua River, it is a gaining stream. 
Farther upstream, though, Dousinbury Creek Is a 
lasing stream. In its losing reach, Dousinbury 
Creek drains about 15.3 mi’, including a section of 
Interstate-44 and the town of Phillipsburg. 


On October 10, 1990, two liters of Rhodamine 
WY (20%) dye was introduced into Dousinbury 
Creek about 3 miles northwest of Phillipsburg. 
About 5.5 inches of precipitation occurring the 
previous week generated flow throughout some of 
upper Dousinbury Creek. Flow was receding 


when dye was injected, but about 50 to 100 gpm 
was disappearing into the subsurface above the 
dye injection site. There was no flow downstream 
for several miles. 


Dye was recovered at Bennett Spring, 10.0 
miles to the north, between November 15 and 
28, 35 to 49 days after dye was injected. This 
unusually long travel time may have been due 
to injection site flow conditions. Flow was 
receding at the injection site when dye was 
injected. The site was visited two days later, 
and the terminal loss point had migrated sev- 
eral hundred feet upstream from where dye 
had been placed. There was no significart 
precipitation after dye was injected until No- 
vernber 4, when about 0.6 inches of precipita- 
tion occurred. It is possible the dye was 
retained in the alluvial materials until later 
runoff flushed it into the groundwater system. 


Dye Traces 


SPRING HOLLOW TRACE, DT 18 


As previously mentioned, Bennett Spring 
rises in lower Spring Hollow. From the spring 
to the Niangua River, generally referred to as 
Bennett Spring Branch, flow is perennial. Much 
of the time, Bennett Spring discharge greatly 
exceeds flow in the Niangua River upstream 
from the spring branch, 


Upstream from Bennett Spring the drainage is 
cailed Spring Hollow, and except for relatively 
brief periods after heavy precipitation, there is no 
flow. A few local exceptions occur, where small 
springs along Spring Hollow or its tributaries pro- 
vide some inflow. Except for very short reaches, 
Spring Hollow upstream from Bennett Spring, 
with 42.5 mi? of drainage, is a losing stream. 


One short, gaining reach in Spring Hollow is 
immediately upstream of Highway 32. Here, 
small springs provide perennial flow for about 4% 


mile upstream of the highway. The channel 
contains watercress throughout this reach, but 
flow generally disappears into the subsurface at or 
just downstream of the Highway 32 crossing. 
Upstream from here Spring Hollow drains 13.4 
mi?. 


On December 5, 1990, one pound of fluores- 
cein dye was injected into Spring Hollow about 
1,200 feet downstream from Highway 32. Runoff 
from recent rains had extended flow downstream 
from where it normally disappears. The dye 
reappeared at Bennett Spring, 6.9 miles to the 
northwest, between 12 and 14 days after injection. 
Dye recovery packets at Bennett Spring were 
being changed approximately daily to obtain bet- 
ter travel time information. Based on the straight 
line distance, the groundwater velocity between 
the injection site and Bennett Spring was from 
0.49 to 0.58 miles per day. 


SPRING HOLLOW TRIBUTARY TRACE, V & E, 1987 


A few Spring Hollow tributaries contain 
small springs whose flows may or may not 
reach Spring Hollow before losing into the 
subsurface. One of these is an eastern tribu- 
tary of Spring Hollow about 1.5 miles down- 
stream of Highway 32. Here, small springs 
flowing into a pond keep it full in dry weather; 
the overflow loses into the streambed a few 
hundred feet downstream, 


On July 1, 1987, Jim Vandike and Cynthia 
Endicott, Division of Geology and Land Survey, 
and Diane Tucker, Bennett Spring State Park 
naturalist, injected 5 pounds of fluorescein into the 
outfall from the pond. The flow, about 5 gom, 
carried dye into the subsurface a short distance 
downstream. The dye was recovered between 
eight and 13 days later, 6.3 miles to the northwest, 
at Bennett Spring. 


DRY AUGLAIZE SINK TRACE, M & V, 1980 


About 1.5 miles upstream from the mouth of 
Goodwin Hollow, and 1,500 feet north of Dry 
Auglaize Creek, is a large sinkhole developed 
along a county road. The sinkhole is about 30 feet 
deep, 200 feet in diameter, and drains about 90 
acres. The proximity of the sinkhole to the road 
has made it an easy dumping site for unwanted 
trash and debris. 


On April 18, 1980, following heavy rainzall, 
Don Miller and Jim Vandike, Division of Geol- 
ogy and Land Survey, injected about 12 ticers 
of Rhodamine WT (20%) dye into runoff 
entering the sinkhole (photo 14). The dye 
was recovered 11 miles to the northwest, 
seven to 14 days after injection, at Hahatonka 
Spring. 
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Photo 14. injecting Rhodamine WT dye into a sinkhole near Dry Auglaize Creek. Dye from this trace was recovered 
at Hahatonka Spring, about J! miles northeast of the sinkhole. 
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LOWER BEAR CREEK TRACE, M 


1978 


Bear Creek drains a 43.7 mi’ area along Inter- 
state 44 between Lebanon and the Gasconade 
River, and contains several gaining and losing 
reaches. The middle section of Bear Creek, a 4- 
mile reach roughly paralleling Interstate 44, is a 
gaining stream, About 1.5 miles downstream of 
the Interstate 44 crossing, flow disappears into the 
subsurface in dry weather, and the channel is dry 
for the next several miles downstream. 


On Apri! 20, 1978, Don Miller, Division of 
Geology and Land Survey, injected approxi- 
mately 10 liters of Rhodamine WT dye into 
Bear Creek just upstream of the water-loss 
zone. Dye was recovered at Cliff Spring, 1.9 
miles to the east, within two days after injec- 
tion. 


DRY AUGLAIZE CREEK TRACES, S & M, 1976 


Dry Auglaize Creek is a major losing stream 
draining much of north-central Laclede County. 
its drainage area, including Goodwin Hollow, is 
205.8 mi’, and it is a losing stream essentially its 
entire length. One section of upper Dry Auglaize 
Creek does have perernial flow, a reach several 
miles long downstream of the Lebanon wastewa- 
ter treatment plant. Outfall from the treatment 
plant provides enough water to maintain flow for 
a few miles, but there is measurable flow-loss 
along the reach. The flow typically disappears 
into the subsurface before reaching Route F. 
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On November 3, 1976, Don Miller, Division 
of Geology and Land Survey, and John 
Skelton, U.S. Geological Survey, injected ap- 
proximately 20 titers of Rhodamine Wt (20%) 
dye into Dry Auglaize Creek upstream of where 
flow disappears, Dye was recovered between 
23 and 32 days later, 13.4 miles to the north- 
west, at Sweet Blue Spring. Dye was also 
recovered at Hahatonka Spring, 17.6 miles to 
the northwest, 45 to 53 days after injecticn. 
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RECHARGE AREAS OF MAJOR SPRINGS 
IN THE BENNETT SPRING AREA 


INTRODUCTION 


The major springs in the study area are outflow 
points for groundwater recharge. Each spring has 
a geographic area that provides its recharge. The 
size of a spring recharge area is proportional to the 
volume of water that is discharged from the spring, 
and the rate of groundwater recharge. Springs that 
discharge small amounts of water, generally, have 
small recharge areas. Those with high discharges 
have larger recharge areas. 


The maximum amount of recharge possible for 
an area is the volume of precipitation. However, 
evaporation and transpiration greatly reduce this 
volume. Average annual recharge can be more 
realistically estimated from average annual runoff 
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data collected at surface-water gaging stations on 
major streams. Stream discharge consists of 
three components: |) Direct surface-water runoT 
after precipitation events; 2) general groundwater 
inflow occurring along the stream; 3) and ground- 
water inflow from springs. It cannot be assumed 
that average annual runoff, as measured from a 
single gaging station on a given watershed, in- 
cludes ail of the groundwater recharge that takes 
place in that watershed. If groundwater recharge 
takes place upstream from a gaging station, and 
the spring outlet is downstream, then runoff will be 
underestimated because a part of the groundwa- 
ter bypassed the gaging station. Additionally, 
interbasin transfer of groundwater commonly oc- 
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Figure 32: Average discharge versus recharge area size for various recharge rates. 
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curs in karst areas; groundwater recharge taking 
place {n one surface-water drainage basin can 
emerge as spring flow in a different surface-water 
drainage basin. These factors can often be ac- 
counted for by examining long-term runoff data 
from several gaging stations in different water- 
sheds in the region. 


Long-term average annual runoff in the Bennett 
Spring area, based on stream-flow data ranges 
from about 11.5 inches in the northwestem por- 
tion, to 12.5 inches in the southeast (Gann and 
others, 1976). if all of the runoff became ground- 
water recharge, assuming an area average of 12 
inches per year, then recharge in one square mile 
would provide an average flow of 0.88 ft?/sec toa 
spring. However, recharge rates vary spatially, 
and seldom does all of the runoff become ground- 
water recharge. Losing streams have finite re- 
charge capacities and do not always channel all of 
the water entering them into the subsurface. Water- 
loss characteristics also vary between different 
losing streams. Some, like Spring Hollow and 
Goodwin Hollow, channel a high percentage of 
their runoff into the groundwater system. Others, 
like Fourmile Creek, Jones Creek, and West Fork 
Niangua River, have lower water-loss rates, and 
thus provide less recharge per unit area. Essen- 
tially 100 percent of the runoff generated within 
sinkhole watersheds becomes groundwater re- 
charge, and there are many sinkholes in the 
Bennett Spring area, but the total area they drain 
is refatively small compared to the size of the 
study area. Figure 32 relates groundwater dis- 
charge to recharge-area size for various recharge 
Tates. Dye tracing is likely the best and most 
accurate method for determining the recharge 
area for a spring; it establishes a physical connec- 
tion between groundwater recharge and ground- 
water discharge. Unfortunately, a dye trace estab- 
lishes the outflow point of water disappearing into 
the subsurface at a particular point and time. For 
a losing-stream dye trace, it is generally assumed 
that the drainage upstream of the dye injection 
site is within the recharge area of the spring where 
the dye reappears. This is true much of the time; 
upstream runoff can, potentially, reach the site 
where dye was injected. However, all of the 
recharge upstream of a particular dye injection 
site does not always recharge the same spring. 
For example, upper Fourmile Creek watershed 


Recharge Areas 


provides recharge to Bennett Spring. Lower 
Fourmile Creek watershed provides recharge to 
Famous Blue Spring and Sand Spring. Under 
certain flow conditions, when there is surface flow 
through the upstream losing reach, dye placed in 
upper Fourmile Creek may be recovered from all 
three springs. Obviously, the accuracy of re 
charge-area delineation increases with increased 
dye trace data, but seldom isit possible to conduct 
enough dye traces to identify a recharge area with 
total certainty. 


Another technique for determining directions 
of groundwater movement is the use of potentio- 
metric maps. A potentiometric map is a contour 
map showing the water-level elevations of wells 
penetrating a selected aquifer or aquifer zone. 
Direction of groundwater movement can be in-er- 
preted from potentiometric maps by constructing 
groundwater flow-lines perpendicular to the Do 
tentiometric contours; groundwater moves down- 
gradient and at right angles to the water-level 
contours. Potentiometric maps most accurately 
portray groundwater movement in aquifers under 
Darcian flow conditions, such as alluvial sand and 
gravel deposits, thick sandstones, and permeable 
glacial drift. Potentiometric maps of carbonate- 
rock aquifers where much flow is through solution- 
enlarged openings, may not accurately reflect 
groundwater-flow conditions. The problems are 
compounded where there are Jarge areas with little 
or no water-level data. Miller (Harvey et al., 1983) 
constructed a potentiometric map which includes 
the Bennett Spring study area. Figure 33 was 
made from Miller's map, and shows water-surface 
elevations in wells primarily penetrating the 
Roubidoux Formation-Gasconade Dolomite aqui- 
fer sequence. Though groundwater-flow patterns 
interpreted from the potentiometric map do not, in 
all cases, agree with the dye tracing information, 
the potentiometric data is still useful in helping to 
delineate the recharge areas of the major springs. 


Figure 34 shows recharge areas for the major 
springs in the Bennett Spring study area. Delinea- 
tion of the recharge areas was based on dye 
tracing, potentiometric map data, strearn-flow 
characteristics, and topography. The recharge 
area boundaries shown in figure 34 should not be 
construed as absolute; they are simply the best 
estimation based on available information. 
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SUMMARIES OF INDIVIDUAL SPRING RECHARGE AREAS 
BENNETT SPRING 


Bennett Spring is the largest spring in the study 
area and has the largest recharge area, approxi- 
mately 265 mi?. Its known recharge area, based 
on dye tracing, includes Spring Hollow, upper 
Fourmile Creek, upper Dousinbury Creek, upper 
Brush Creek, and upper North Cobb Creek. It 
shares recharge with at least two other springs. 
Dye tracing shows recharge in East Fork Niangua 
River drainage is shared with Jake George Springs, 
and recharge in upper Goodwin Hollow is shared 
with Sweet Blue Spring, a total of about 70 mi? of 
shared recharge. Bennett Spring may also receive 


recharge frorn upper Dry Auglaize Creek, upper 
Bear Creek, upper Cave Creek, a small part of 
upper Jones Creek watershed, and upper 
Danceyard Creek; further dye tracing will beneeded 
to substantiate this. 


About 213 mi* or 80.5 percent of Bennett 
Spring recharge area is in Lactede County. Dallas 
County contains about 22.5 mi” or 8.5 percent of 
its recharge area, and Webster County contains 
the remaining 29.5 mi?, or 11 percent. 


SAND SPRING AND FAMOUS BLUE SPRING 


Dye traces show Sand Spring and Famous Blue 
Spring share a recharge area. Some springs share 
only a portion of their respective recharge areas, 
but Sand Spring and Famous Blue Spring likely 
share a single recharge area. This is supported by 
specific conductivity measurements of their dis- 
charge. Numerous conductivity measurements 
taken during different flow conditions showed 
essentially identical conductivity at the two springs. 
Conductivity values varied at both springs, of 
course; they were highest during low-flow condi- 


tions and lowest during high-flow conditions, but 
with respect to each other conductivity varied 
little. Sand Spring and Famous Blue Spring are, 
apparently, separate outlets for the same spring 
system, : 


The recharge area for Sand Spring and Famous 
Blue Spring is likely all in Dallas County, and 
consists of about 33.5 mi?, mostly in middle and 
lower Fourmile Creek watershed, and Cave Creek 
watershed. 


JOHNSON-WILKERSON SPRING 


During this study only one dye trace was made 
to Johnson-Wilkerson Spring. Jones Creek up- 
stream from Route M is known to provide re 
charge. Two Jones Creek tributaries that are also 
losing streams, Goose Creek and Starvey Creek, 
likely provide recharge to the spring. The re 


charge area is thought to be about 19.6 mi’. About 
84 percent of it, 16.5 mi’, lles in Dallas County. 
Most of the remainder is in Webster County. A 
small part of extreme southwestern Laclede County 
may provide a smalt amount of the spring re 
charge. 


JAKE GEORGE SPRINGS 


The recharge area for Jake George Springs, 
likely, is the Niangua River basin upstream 
from the springs. Dye from the East Fork 
Niangua River trace, which resurged between 
. Gourtey Ford and Route M, likely emerged at 
Jake George Springs. Temperature profiles 
and ftow data for the Niangua River between 


Route Y and Route M show Jake George 
Springs to be the only major groundwater 
outlets along that reach. The results of the 
West Fork Niangua River trace which indicate 
dye was received at Jake George Springs are, 
at best, tentative. 
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Figure 33: Potentiometric map of Roubidoux Formation-Gasconade Dolomile aquifer sequence in the Bennett 
Spring area (from Harvey et al., 1983). 
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Figure 34: Recharge areas for major springs in the Bennett Spring area. 
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Additional dye tracing will be necessary to 
better define the recharge area for Jake George 
Springs, but available data indicate recharge 
is provided by the East and West forks of the 
Niangua River, and is almost all from within 
Webster County. Recharge on the East Fork 
Niangua River is shared with Bennett Spring. 


Recharge Areas 


Additional losing streams In this area which 
likely provide recharge are Hollis Branch and 
Hagan Branch, on the east side of the Niangua, 
and Hawk Pond Branch and Givins Branch 
west of the river. Total recharge area size is 
estimated to be about 90 mi’, with at least 
26.5 mi? shared with Bennett Spring. 


RANDOLPH SPRING 


Randolph Spring likely has a relatively small 
recharge area. A dye trace shows a losing- 
stream watershed immediately west of the 
spring providing at least a part of the re- 
charge. Recharge taking place farther westin 


Churchill Hollow and Wildcat Hollow may aiso 
supply the spring. The recharge area likely 
contains about 4.7 mi’, and is thought to be all 
west of the Osage Fork and south of Brush 
Creek within Laclede County. 


BIG SPRING 


A single dye trace shows Big Spring to receive 
recharge from upper Steins Creek, and additional 
dye tracing will be necessary to better define its 
recharge area. The recharge area likely includes 
much of Steins Creek watershed, and possibly 


losing-stream drainage in upper Parks Creek wa- 
tershed. Based on this, the recharge area may 
occupy some 70 mi, Though the spring rises in 
Laclede County, most of the recharge likely origi- 
nates in northern Wright County. 


CLIFF SPRING 


Cliff Spring, one of the smaller springs dis- 
cussed in this report, receives its recharge from 
Bear Creek watershed. However, there is far more 
water lost to the subsurface in Bear Creek water- 
shed than can be accounted for at Cliff Spring. 
Bear Creek contains two gaining zones; a 2- to 3 
mile reach upstream from its mouth, and a 3.5- 
mile reach 2 miles upstream from and 1.5 miles 
downstream from Interstate 44 near the middle of 
the watershed. Dye tracing has shown that fiow 
lost into the subsurface from the upstream 
gaining reach recharges Cliff Spring, and thus 
the entire watershed upstream from the gain- 
ing reach could, under certain flow condi- 
tions, provide recharge. However, Bear Creek 
upstream from where dye was injected drains 
nearly 30 mi”, enough area to supply a spring 
several times larger than Cliff Spring. 


It is likely that Cliff Spring discharge is 
more dependent on flow lost into the subsur- 
face in middle Bear Creek watershed than on 
recharge from the losing-stream reach in up- 
per Bear Creek watershed. Obviously, since 
any surface-water runoff in upper Bear Creek 
watershed that reaches the downstream las- 
ing zone can provide recharge to Cliff Spring, 
the entire watershed upstream of the dye 
injection site is considered to be within the 
Cliff Spring recharge area, Based on this, the 
Cliff Spring recharge area contains about 30 
mi’. However, groundwater recharge occur- 
Ting in the losing-stream zone in upper Bear 
Creek watershed may provide recharge to 
Bennett, Sweet Blue, or Hahatonka springs. 
Further dye tracing will be necessary to sub- 
Stantiate this. 
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SWEET BLUE SPRING 


Two dye traces show Sweet Blue Spring to 
receive recharge from outside of the Niangua 
River basin; water lost from Dry Auglaize Creek 
and its tributary, Goodwin Hollow, provide re 
charge to Sweet Blue Spring. However, Sweet 
Blue Spring shares atleast part of its recharge area 
with other springs. Upper Goodwin Hollow also 
provides recharge to Bennett Spring; upper Dry 
Auglaize Creek also recharges Hahatonka Spring. 
Several smaller losing-stream watersheds may 


also provide recharge to Sweet Blue Spring. Moun- 
tain Creek, a Niangua River tributary south of 
Sweet Blue Spring, and Sweet Hollow, which drains 
the area immediately east of the spring, are both 
losing streams and may provide recharge to Sweet 
Blue Spring, The Sweet Blue Spring recharge area 
may be as large as about 117 mi*. However, at 
least half, and possibly much more, of the re 
charge area is shared with Bennett and Hahatonka 
springs. 


HAHATONKA SPRING 


Hahatonka Spring is known to receive re- 
charge from an area southeast of the spring in 
Dry Auglaize Creek watershed. As previously 
mentioned, it shares a part of its recharge 
area with Sweet Blue Spring. A dyé trace from 
a sinkhole near the Goodwin Hollow confluence 
with Dry Auglaize Creek indicates Dry Auglaize 
Creek at and downstream from the dye injec- 
tion site provides recharge only to Hahatonka 
Spring. As with Dry Auglalze Creek, there is 
likely a section of middle and lower Goodwin 
Hollow that recharges both Hahatonka and 
Sweet Blue springs. 


Available information indicates Hahatonka 
Spring has a recharge area of about 122 mi?. At 
least 20 mi?, and potentially much more, is shared 
with Sweet Blue Spring. Goodwin Hollow and Dry 
Auglaize Creek provide much of the recharge, but 
smaller losing-stream drainages immediately south 
and east of the spring may also provide appre 
ciable recharge. Additional dye tracing will be 
necessary to better delineate the Hahatonka Spring 
recharge area, and to more fully understand the 
mechanisms allowing multiple spring recharge in 
Goodwin Hollow and Dry Auglaize Creek water- 
sheds. 


HYDROLOGIC BUDGET FOR THE 
BENNETT SPRING RECHARGE AREA 


Precipitation is the source of essentially all 
water in the study area. But after precipitation 
reaches the ground, it can be distributed a number 
of ways (fig. 35), Part of the water can enter the 
soil materials, be stored for a time, and return to 
the atmosphere as evaporation, or be transpired 
by plants. if soils are dry and the precipitation 
amount is low, most if not all of the water is 
ultimately evaporated or transpired. If the soil Is 
saturated, or the amount of precipitation high, 
surface-water runoff and groundwater recharge 


SS _ _ _- - Fr SS EEE 


occurs. A hydrologic budget is an accounting 
procedure used to describe the distribution of 
water from precipitation. In essence, it is a math- 
ematical procedure thatallows losses due to evapo- 
ration and transpiration to be estimated, and thus 
determine the amountof water available for ground- 
water recharge and surface-water runoff. 


There are several techniques used to estimate 
evaporation and transpiration. Most of them 
require data not ordinarily collected. A method 
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Figure 35: Conceptual drawing showing water distribution in a karst setling. 
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developed by Thornthwaite and Mather (1955 and 
1957), Commonly called the Thornthwaite Method, 
estimates evaporation and transpiration in com- 
bined form as evapotranspiration, and requires 
only temperature and precipitation data in calcu- 
lating the hydrologic budget for an area. 


The hydrologic budget of the Bennett Spring 
recharge area was calculated using a modified 
version of a Thornthwaite Method algorithm devel- 
oped by Willmont (1978). With the Thorthwaite 
Method, potential evapotranspiration, the evapo- 
transpiration that will occur if ample moisture is 
available, is calculated from average daily or 
monthly temperatures based on 12 hours of day- 
light per day. It is corrected for day length, based 
on latitude and date, to yield adjusted potential 
evapotranspiration. Actual evapotranspiration is 
calculated using potential evapotranspiration, by 
correcting for the amount of soi] moisture avail- 
able. It is assumed that the availability of soil 
moisture to evapotranspiration will decrease lin- 
early with the ratio of actuat to potential maximum 
soi] moisture, so as soil moisture decreases, the 
amount of actua! evapotranspiration also decreases. 
Surpius moisture, that which is available for sut- 
face-water runoff or groundwater recharge, occurs 
when the amount of soil moisture storage is at its 
maximum, os field capacity, and precipitation ex- 
ceeds evapotranspiration. It is assumed that there 
is no surpius moisture unless soil moisture storage 
is at field capacity. Also, in the hydrologic budget, 
no distinction is made between surface-water run- 
off and groundwater recharge. Soil moisture deficit 
is the amount of evapotranspiration that could not 
occur due to lack of soil moisture. 


Hydrologic budgets, regardless of data density 
and calculation methodology, are estimates of 
natural water distribution. No mathematical model 
can allow for the natural variations in soil materi- 
als, and seldom are temperature and rainfall data 
detailed enough to accurately account for tempo 
ral and spatial variations. Despite their limita- 
tions, hydrologic budgets are useful tools for esti- 
mating surface-water runoff and groundwater re 
charge characteristics in an area under a variety of 
climatic condiuons. 


Two hydrologic budgets were calculated for the - 
Bennett Spring recharge area. The first, calcu- 
lated monthly fora 35-year period beginning Octo- 
ber, 1955, and ending September, 1990, was based 
on weighted average monthly precipitation at Leba- 
nonand Marshfield, and average monthly tempera- 
ture at Lebanon. Soil moisture storage field capac- 
ity is assumed to be 6 inches. A yearly summary 
of this long-term hydrologic budget is shown in 
table 24. Temperature throughout this 35-year 
period averaged 57.1°F., precipitation averaged 
40.99 in./year, and estimated actual evapotranspi- 
ration averaged 27.1 in./year. Calculated surplus 
moisture averaged 13.92 in./year, which is about 2 
inches greater than estimates based on surface- 
water gaging station data. 


The second hydrologic budget was calculated 
daily for water year 1989-1990. Average daily 
temperature was determined for the recharge area 
using a polygon weighting technique applied to 
daily high and low temperatuzes from Marshfield, 
Buffalo 3S, and Lebanon 2W weather observation 
stations. Figure 36 shows daily high and low 
temperatures from Marshfield, Buffalo 35, and 
Lebanon 2W, along with weighted daily termpera- 
ture. Daily precipitation from the three U.S. Weather 
Service observation stations, Missouri Department 
of Conservation-Lebanon, plus the 10 precipitation 
stations established for this study, were averaged 
using a polygon weighting technique to obtain 
weighted precipitation for the recharge area. Table 
25.and figure 37 show weighted daily precipitation, 
water year 1989-1990, for the Bennett Spring re- 
charge area. A soil moisture storage field capacity 
of 6 inches was assumed. 


The daily hydrologic budget for the Bennett 
Spring recharge area is shown in table 26. Weight- 
ed temperature for the water year was 57.6°F., and 
weighted precipitation was 48.52 inches. Actual 
evapotfanspiration was calculated to be 25.71 
inches, and surplus moisture was calculated to be 
20.73 inches. Thus, about 20.7 watershed inches 
of moisture was available during water year 1989- 
1990 for surface-water runoff and groundwater 
recharge, which is considerably greater than the 
long-term calculated average of 13.9 inches per year. 


————= Hydrologic Budget 


BEAT TMOEX I = 64.05452 IWETIAL SOIL MGESTURE (INCHES) = 3 SCIL MBISTURE STORAGE FIELO CAPACITY (INCHES) = 6 
AVERAGE LATITUDE OF AREA (DEGREES} = 37.55 


TEMP = TEMPERATURE (F} PREC = PRECIPITATION (INCHES) POT ET = UNADJUSTED POTENTIAL EVAPOFRANSPIRATION CINCHES) 
AGS ET = ADJUSTED POTENTIAL EVAPOTRANSPIRATIGN (INCHES)  P-Ad ET = PRECIPITATION LESS ADJ. POT. EVAPOTRANPIRATION CIN) 


SmS = SOJL MOISTURE STORAGE (INCHES) ACT ET = ACTUAL EVAPOTRANSPLRATION (INCHES) 
CHANGE SMS = CHANGE (N SOIL MOISTURE STORAGE FROM PREVIOUS YEAR (INCHES) 


CERICET = AMOUNT OF EVAPOTRANSPIRA?ION THAT CANNOT TAKE PLACE DUE TO INADEQUATE SOIL MOISTURE (ENCHES) 
SURPLUS = AMOUNT GF WATER REMAINING ABOVE SOIL NGTSTURE STORAGE FICLG CAPACITY THAT WAS NOT EVAPDRATEO OR TRANSPIRED (1N) 
WATER TEMP PREC POT ET ADJ ET P-ADO ET SMS ACT ET CHANGE SKS DEFICIT SURPLUS 
YEAR (F} (IN) CIN} (IN) CEN) CIN) (IN) CIN) (IN) (IN) 
1956 656.68 28.81 29.00 32.28 -3.47 1.50 28.34 -1.50 3.94 1.97 
1957. -57.02 47.02 27.93 31.89 15.13 19D 27.62 0.05 4.26 19.34 
1958 54.78 50.4 25.38 29.27 20.83 6.00 29.03 4.45 0.25 16.63 
£959 56.76 33.69 27.8) 3).B9 1.80 2.24 28.01 ~3.76 3.88 9.43 
1666 = 55.15 32.47 26.17 30.15 2.32 0.82 23.22 -1.4 6.94 10.67 
196% 55.52 45.22 25.55 29.17 16.05 3.28 24.62 2.45 4,54 19.14 
1962 55.99 35.21 21.44 31.71 3.50 3.49 23.62 0.22 8.08 31.37 
i963 56.79 31.36 28.77 33.02 -1.66 0.99 27.30 ~2.5) 53.72 6.56 
1964 57.34 31.78 29.35 33. 48 ~1.78 1.41 27.27 0.42 6.2! 4.08 
1865 56.28 49.04 26.93 30.87 lias 6.09 30.13 4.59 0.74 13.32 
1966 56.24 36.04 26.91 30.78 3.26 4,42 26.50 -1.58 4.28 11.12 
1967) 36.12 38.79 25.42 29.35 9.44 3.64 27.95 -0.78 1.39 11.62 
1968 835.48 47.61 26.13 30.12 17.49 2.30 28.11 «1.33 2.01 20.83 
1968 55.38 42.41 26.70 30.93 1i.48 2.06 27.03 -0.24 3.90 15.62 
1970 = $5.59 42.32 27.23 31.4? 10.95 6.00 26.30 3.94 5.16 12.08 
1971 55.76 32.89 26. 36 30. 36 2.53 2.03 27.86 -3.97 2.49 9.00 
2972 0637.61 38.58 28.38 32.33 6.25 2.34 27.42 0.35 4.9) 10.82 
1973 55.32 $2.20 26.28 30.40 21.80 1.65 25.02 -1.32 5.38 24.56 
1974 56.96 47.33 27.38 31.27 16.06 3.54 29.37 Z.49 1.98 \3.47 
1975 56.13 45.51 26.30 31.13 14.38 2.81 26.56 -0.73 4.5/ 19.67 
1976 57.37 30. 45 27.60 31.24 -0.39 0.96 25.07 -2.92 a.1) 7.69 
1977 55.64 40.90 28.46 33.07 7.83 3.76 31.09 2.85 1.98 6.96 
1978 = 554.56 35.66 27.75 32.05 7.6) 3.50 30.50 -0.26 1.56 9.42 
1979 $3.85 Av.M7 25.69 29.59 17.64 3.24 28.43 -0.25 luli 19.00 
1980 9=57.24 32.31 29.67 34.34 -1.83 0.58 25.54 ~2.66 B.A] 9.23 
1981 956.55 43.01 27.28 31.24 11.77 2.46 23.26 1.88 1.98 11.87 
1982 55.23 3B. 39 26.53 30.59 7.80 1.50 26.57 -0.97 4.02 12.73 
1983 56.70 A).99 27.46 1.34 10.65 0.74 24.19 -0.75 7.15 18.55 
1994 53.31 47.86 24.96 28.70 19.10 2.59 24.16 1.85 4.34 21.79 
L9BS 555. 61 52.68 27.12 31.05 21.63 1.23 26.43 -1.36 1.62 27.61 
1985 56.93 50.22 28.62 32.9% 17.31 6.09 29.39 4.77 4.52 17.06 
1987 57.83 39.86 29.22 33.74 6.14 4.45 29.82 -4.55 3.92 14.60 
1988 395.392 40.79 27.29 31.52 3.27 0.83 25.47 -0.52 6.05 15.84 
L9B9  =—55. 47 32.75 25.87 29.75 3.00 0.97 23.92 0.04 5.83 e.79 
1990 87.59 48.52 22.95 32.89 15.63 1.65 28.69 0.68 4.80 19.75 
WATER BALANCE AVERAGES FOR WATER YEARS 1956 f0 1990 - AVG. HEAT INDEX = 64.05452 
56.08 40.99 27.25 3) 31 9.68 4.65 27.10 -0.04 4.2) 13.92 


Table 24; Hydrologic budget, waler years 1956 through 1990, for the Bennett Spring recharge area. 
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WEIGHTED PRECIPITATION, WATER YEAR 1989-1990, BENNETT SPRING AREA 


DAY acy NOV DEC JAN FES MAR APR MAY JUN JUL AUG SEP 
1 sae 0.44 o.)4 0.01 0.1D 0.07 F 
2 2 0.04 0.34 ee sath 0.13 0.02 — 
3 0.30 0.14 1.84 ake 0.89 
4 D.07 5.39 eas 0.55 0.87 
5 0.15 oes 0.03 6.09 0.19 0.03 0.09 0.24 
6 0.26 23 0.10 0.16 0.16 0.02 0.07 0.13 er 0.08 
7 0.97 0.03 0.01 0.53 — 0.1 Puke 0.03 
B 3 0.09 0.03 0.22 et — 0.03 fos dea 0.08 
3 0.04 D.28 wate 0.14 0.05 0.46 . 
10 wee 0.09 1.24 0.02 0.01 0.13 
11 0.17 0.03 0.12 ViS 0.03 0.26 
12 — F 0.38 ar 0.79 0.78 0.23 0.21 
13 a.34 0.02 0.25 0.37 0.05 ee 0.82 0.20 0.04 
1a 2.16 ee ae 0.29 1.31 0.27 0.18 0.41 D.03 ites 0.07 
15 0.53 O.11 0.01 1.28 1-13 0.08 0.50 0.20 0.02 0.21 Sack 
16 0.08 0.03 9.40 0.17 aa 0.07 0.96 wa beaks 0.31 heel 
17 0.04 0.01 1.33 cists Sdn 6.31 0.22 eget’ nas 0.07 0.03 
18 - 0.08 oe 0.07 0.01 0.04 ben eas shies 0.59 
19 sted 0.96 male 0.08 bien 0.40 0.16 netsbs 0.13 0.23 
20 0.02 0.63 ead sate 0.36 0.10 0.34 ea4 0.10 0.062 
2) 6.04 0.32 eee 0.04 0.89 9.08 0.30 0.54 
22 0.14 0.30 0.04 ee fag 0.37 0.28 sis 0.16 
23 sae favs aoe a b.09 0.10 sas D.07 0.02 diicses eed 
24 saatste bale Ass 0.03 0.32 G.04 4 0.01 ‘ 
25 0.06 D. 42 0.13 , 0.22 0.26 6.09 
26 4 0.01 0 09 : 3.39 0.13 1.37 
27 a 0.06 0.03 0.55 0.39 0.02 0.54 
2a 0.03 0.23 0.46 0.25 0.04 edie ask see 
29 oT 0.36 0.08 aii 0.01 0.01 
30 0.27 naa wade ows 0.22 0.02 0.02 0.03 
3) 6.02 said 0.06 0.03 0.15 
MONTHLY 
TOTALS 0.74 3.09 0.77 4.0} 4,57 6.10 3.90 11.23 z.71 5.6] 3.28 2.51 
TOTAL WEIGHTED PRECIPITATIGN: 48.52 INCHES NUMBER OF DAYS WITH PRECIPITATION: 178 
4 
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Table 25 and Figure 37: Weighted precipitation, water year 1989-1990, for the Bennett Spring recharge area. 
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DAILY H¥OROLODIC BUNGET FOR TIE BENNETT SPRENG AREA, WATER YEAR 989-1990 


MEAT UNQEX | = 74,5677 INITIAL SOT_ MGISTURE (INCHES) = .97 SOM HOISTURE STORAGE FEFLG CAPACITY CLNCIIFS) - 6 
AVERAGE LAILIUUE OF AREA = 31.55 


YEP = TEMPERATURE (F) PREC = PRECIPITATION (INCHES) POT ET = UNADJUSTED POTENFEAL EVAPOTRANS™ RATION (INCHES) 

ADJ ET = ADJUSTEO POTENTIAL EVAPDTRANSPIRATION (INCHES) P-ADJ ET = PRECIPITATION LESS AOU. PDT. EVAPGTRANSPIRATION (INCHES) 
SMS = SO1L MOISTURE STORAGE ({NCHES) ACT ET = ACTUAL EVAPOTRANSPIRATION (INCHES) 

CHANGE SMS = CHANGE EN SOIL MOISTURE STORAGE FROM PREVI DAY (INCHES) 

DEFICIT = AMOUNT OF EVAPOTRANSP RATION THAT CANNOT FAKE PLACE DUE TO iNADEQUATE SOIL MOISTURE (INCHES) 

SURPLUS = AMOUNT GF WATER REMAINING ABOVE SOJL MOISTURE STORAGE FITLD CAPACITY FHAT WAS NOF EVAPORATED OR TRANSPIRED CINCKES) 


OLT - 1999 
QAY = -TEHP PREC POT ET ADJ ET P-AOI ET SKS ACT €T — CHANGE SNS DEFICIT SURPLUS 
(F) Qn) (iN) QIN) CN) (tH) (IN) CIN} (IN) (mM) 
1 67.54 0.00 0.1 0.1) -O.11 0.45 0.02 -0.02 0.09 0-00 
2 63.56 0.00 0.09 a.03 -0.09 0.94 0.01 0.01 0.07 0.00 
3. 54,24 0.00 0.05 0.05 -0.05 0.93 0.01 -O.01 O.0A 0.00 
4 61.82 0.c0 0.08 0.06 -0.08 0.92 0.01 -G.0} 0.07 0.00 
S 66.94 0.00 O.11 0.10 -U.10 0.90 0.02 -0.92 0.09 0.00 
6 38.63 0.26 0.07 0.07 0.19 1.10 0.07 0.19 0.00 0.00 
1 50,92 0.07 0.04 0.04 0.03 t.13 0.04 0.03 0.00 0.00 
Q Sb.) 0.00 0.06 0.05 -0.06 1.32 0.01 -0.01 0.05 6.00 
9 61.43 0.00 0.08 0.08 -0.08 1.10 0.01 -0.01 0.06 0.00 
10 $9.73 0.00 0.07 0.07 ~0.67 1.09 0.01 -0.01 0.06 0.00 
11 63.65 0.00 0.12 O.t1 -O.41 1,07 0.02 -0.02 0.09 6.00 
12 74.80 0.00 0.15 0.14 -0.14 1.05 0.02 -0.02 O. 4h 0.c0 
13 75.64 0.00 0.15 0.14 -0.14 1.02 0.03 -0.03 0.12 0.00 
1474.75 6.00 0.13 0.12 -0.12 1.00 0.02 -0.02 g.10 0.00 
15 73.44 0.00 0.24 0.13 -0.13 0.98 0.02 +0.02 O44 0.00 
16 70.42 0.68 0.12 a.12 -0.04 0.97 0.09 -0.01 0302 0.00 
J? 45.38 0.04 0.02 6.02 0.02 0.49 0.02 0.02 0.00 0.¢0 
1a 40.95 0.00 0.01 0.01 G.dh 0.99 0.00 0.00 0.0L 0.00 
19° 34.82 0.00 0.00 6.09 6.00 0.99 0.00 0.00 0.00 0.00 
20 41.40 0.00 0.D1 0.01 -0.01 0.99 D.00 0.00 0.01 0.00 
21 $9.29 0.00 0.07 0.07 -0.07 0.94 0.0L -0.01 0.05 0.00 
22 66.11 6.00 a.10 0.09 -0.09 0.96 0,02 0.08 0.00 
23 69.32 0.00 0.12 OY -O.11 0.94 0.02 0.69 D.00 
24 69.79 6.00 0.42 oO.ll “0.11 0.93 0.02 o.09 0.00 
25 69.35 0.00 0.12 0.11 -O.11 B.9h 0.02 0.09 0.00 
26 64.95 0.00 0.10 0.09 -0.09 6.50 0.01 G.0? 0.00 
27) 66.70 0.00 0.40 0.09 -0.09 0.68 6.91 0,08 0.00 
28 63.13 0.00 0.03 0.08 -0.08 0.97 0.ch 0.07 0.00 
29° 67.6} 0.00 0.54 0.10 -0.10 6.86 G.01 0.08 0.00 
30 57.06 0.27 0.06 0.06 0.2) 1.07 0.06 0.00 0.00 
Mo 43.13 0.02 0.02 0-01 0.01 1.08 0.03 6.00 0.00 
HOMOHLY AVERAGES AND TOTALS FGR OCT - 1989 MONTHLY HEAT INDEX = 6.38 
61.45 0.74 2.63 2.46 “1,72 1.04 0.63 0.11 1.83 0.00 
NOV - 1989 
DAY TEMP PREC POL FT AUD ET P-ADJ tT $5S ACT ET CHANGE SMS DEFICIT SURPLUS 
(F) CIN} (IN) CIN) (IN) CIM} (IN) (iN) (1N) ON) 
1 46.92 0.00 0.03 0.02 -0.02 1.07 0.06 0.00 0.02 0.00 
2 40.99 0.00 0.UL 0.0) -D.01 1.0? 0.00 0.06 0.0) 0.00 
a 37.32 0.00 0.00 0.00 0.00 1.07 0.00 0.80 0,00 0.00 
4 $4.40 @.00 0.05 0.05 -0.05 1.06 0.01 -0.01 G.04 0.00 
5 63.64 0.00 0.05 0,08 -0.08 1.05 0.01 -0.01 G.07 0.00 
6 49.09 0.00 0.03 0.03 -6.03 1.04 6.01 -0.01 0.02 0.00 
7 $6.73 0.03 G.06 0.05 -G.92 1.04 0.03 0.00 0.02 0.00 
8 50.13 0.00 0.04 0.03 ~0.03 1.03 0.0! -0.D) 0.03 0.00 
9 48.06 0.00 0.03 0.04 -0.03 1.03 0.00 0.00 0.02 0.90 
10 0.00 0.05 0.04 -0.04 1.02 0.01 -0.01 0.03 0.00 
\t 0.06 0.09 0.08 -0.06 1.0) 0.01 -0.01 0.07 0.00 
12 0.00 0.09 0.08 -0.08 1.00 0.0L -0.01 0.07 0.00 
13 0.14 O.11 0.09 0.05 1.04 0.09 0.05 0.00 6.06 
JA 2.16 0.09 0.08 2.08 3.12 0.08 2.08 6.00 0.00 
15 0.53 0.02 0.01 0.52 3.64 0.01 0.52 0.00 0.90 
16 0.63 0.00 0.00 0.03 3.67 0.00 0.03 0.00 0.00 
y 0.00 0.00 0.00 0.00 3.67 0.00 0.00 0.00 0.00 
12 0.69 0.0) 0.0t -0.01 3.66 9.00 0.00 0.00 0.00 
19 0.00 0,06 0.05 -0.05 3.63 0.03 -0,03 D.02 0.00 Z 
20 0.02 0.08 0.07 -0.05 3.60 0.05 -0.03 0.02 0.00 
71 0.04 0.027 0.02 0.02 3.63 0.02 0.02 0.00 6.00 
22 0.14 0.00 0.00 Gt 3.7) 0.50 0.14 0.00 0.00 
23 0.00 0.00 0.00 0.00 uy? 0.00 0.00 0.00 0.00 
24 6.00 0.02 0.01 -0.01 3.76 6.0) ~0.01 0.00 0.c0 
25 0.00 v.ua 0.03 -0.09 44 0.02 -0.07 0.01 6.00 
26 0.00 0.03 0.07 -D.07 3.77 0.01 -0.01 0.01 0.00 
2) 0.00 0.07 0.06 -0.06 3.49 0.04 -0.04 0.02 0.00 
23 0.00 0.00 0.00 0.00 3.69 0.00 0.00 0.00 0.00 
29 0.00 0.00 0.00 0.00 3.69 0.60 0.00 6.00 0.00 
30 0.00 0.02 0.01 -0.0) 3.68 0.01 -0.01 0.00 0.00 


MONTHLY AVERAGES ANO TOTALS FOR NOV - 1989 MONTHLY REAT INDEX = 2.86 


47,97 3.09 1.14 0.37 2.12 3.68 0.43 2.62 0.48 0.00 


Table 26: Hydrologic budget, water year 1989-1990, Bennelt Spring recharge area. 


Hydrologic Budget 


DEC ~ 1989 

DAY TEMP PREC PQ? ET ADJ ET P-ADd ET SHS ACT ET CHANGE SHS DEFICH SURPLUS 
(F) (18) CIN) (tN) (iN) (iN) (1) CIN) CIN) CIN) 
1 47.39 0.00 9.03 0.02 “0.07 2.66 0.0) -0.9 0.03 0.00 
@> 239559 0.00 0.01 0.0% -G.0) 3.68 G.00 0.00 0.00 0.00 
3. 23.92 0.06 0.00 0.00 0.00 3.66 9.00 0.00 0.00 0.00 
4 42.40 0.00 0.01 0.01 -0.01 3.65 0.01 -0.0) 0.00 0.00 
5 $4.51 0.15 0.05 0.04 0.11 3.76 0.04 0-11 0.00 0.00 
6 42,33 0.00 0.91 0.01 -0.01 3.75 0.01 -0.01 0.00 0.00 
2 27.66 0.00 0,90 0.00 0.00 3.75 0.00 0.00 0.ad 0.00 
B 24.66 0.09 0.00 0.00 0.09 3.84 0.00 6.03 0.00 0.00 
8 32.93 0.04 0.00 0.00 0.04 3.83 9.00 0,04 0.00 0.00 
YO 38.63 0.00 0.01 0.01 -0.0} 3.88 0.00 0.03 0.00 0.00 
V2 23.03 0.00 0.a0 0.00 0.00 3.88 0.00 0.00 0.00 0.00 
12 14.39 0.00 0.00 0.60 0.00 3.88 0.00 0.00 0.00 0.00 
13° 25.33 0.00 0.00 0.00 0.00 3.88 0.00 0.00 0.00 0.00 
14 14.87 0.00 0.00 0.00 0.00 3.88 6.40 0.00 6.00 0.00 
1S 3.78 0.11 0.00 0.00 0.1) 3.99 0.00 0.22 0.00 0.00 
1@ -0.36 0.00 6.00 0.00 0.00 4.99 0.00 0.06 0.00 0.00 
1) 16.48 0.0) 6.00 0.06 0.01 4.00 0.00 0.0) 0.00 0.00 
18 23.44 0,00 G.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 
19 16.39 0.00 G.0D 0.00 0.00 4,00 0.00 g-00 0.00 0.00 
26 14.35 0.00 0.40 0.00 0.06 4.00 0.00 0.00 0.00 0.00 
21 -1.65 0.00 0.00 0.00 a.00 4.40 0.00 0.06 0.00 ©.00 
22 -9.20 0.00 0.00 0.00 0.00 4.00 0.00 0.06 0.00 6,00 
23° +3.25 0.00 0.00 0.00 6.00 4,00 6.00 0.00 0.00 0.00 
24 11,42 0.00 0.00 6.00 0.00 4.00 0.00 0.00 0.00 0.00 
25 40.76 0.06 0.00 0.00 0.06 4.06 @.00 0.06 0.00 0.00 
2G 28.62 0.00 0.00 0.00 0.06 4.06 6.00 0.00 0.00 6.00 
27) Al. 0.00 0.01 0.01 -0.01 4.05 0.0) -0.0) 0.00 0.00 
28 42.34 0.01 0.0) 0.01 0.06 4.05 0.0. 0.06 0.00 0.00 
29 47.52 0.30 0.03 0.02 0.28 4.33 C.02 0-28 0.00 0.00 
30 33.49 0.00 0.00 0.00 0.00 4.33 0.00 0.00 6.00 @.00 
31 34,27 0.00 0.00 6.00 0.00 4.33 0.00 0.00 6.00 0.00 
NONTIILY AVERAGES AND TOTALS FOR DEC - 1969 MONTHLY HEAS INDEX = 0.49 

25.26 0.17 0.16 G.15 0.62 4.33 0.12 0.68 0.03 0.00 

JAN - 1990 
OAY TEMP PREC POT ET ADJ ET P-AQU ET SMS ACT ET CHANGE SKS SURPLUS 

(F) CIN) CIN) (IN) CN) CIN} (1a) CIN) {th 
L 29.25 0.00 0.00 0.00 0.00 4.33 0.00 0.00 0.00 
2 9.88 0.0) 0.01 0.00 0.0) 4.33 0.00 0.01 G,00 
3. 47,46 0.30 0.03 0.02 0. 28 4.61 0.02 0.28 0.00 
4 39.43 0,0! 6.01 0.0] 0.06 4.67 6.01 0.04 0.00 
5 35.48 0.00 0.00 0.00 0.00 4.67 0.50 0.00 0.00 
6 37.62 0.06 0.0) 0.00 0.00 4.6) 0.09 0.00 6.00 
Y 36.29 0.00 6.00 6.00 ad.00 4,67 0.00 0.00 0.00 
@ 44.51 0.00 0.02 0.02 -0.02 4.65 Q.0) -0.01 0.00 
9 50.45 0.00 0.04 0.03 ~0.03 4.63 0.02 -0.02 0.00 
10 49.18 0.00 0.03 0.03 -0.03 4.61 0.02 -0.02 0.00 
1b 51.64 0.00 0.04 0.03 0.03 4,58 0.03 -0.03 0.00 
12. 35.01 0.90 0.00 0.00 0.00 4.58 0.00 0.00 0.00 
130 0397.17 0.00 0.00 0.c0 0.00 4.58 6.00 0.00 0.00 
14 46.74 ¢.00 0.03 0.02 -0.02 4.56 0.02 0.02 0.00 
15 56.26 6.01 0.06 0.05 -0,04 4.53 0.64 -0.03 0.00 
16 56.545 0.40 0.07 0.06 0.34 4.97 0.06 0.3a 6.00 
7) 56.16 1.33 0.06 0.05 2.28 6.00 0.05 1.13 0.16 
1@ 41.96 0.09 6.0L 0.04 0.08 6.00 a.G) 6.00 0.08 
19 33.62 0.96 0.00 0.00 0.96 6.00 0.00 0.00 0.96 
20 38.6? 0.63 0.01 0.U) 0.62 6.00 0.9% 0.00 0.62 
24. 37.82 0.00 0.a! 0.00 0.00 6.00 0.00 0.00 0.00 
22° 49.69 0.00 0.04 ©.03 -0.03 5.97 0.92 -0.03 0.00 
23° 52.39 0.co 0.04 0.04 -0.04 5.93 0.04 -0.04 0.0G 
24 47.96 0.03 0.03 0,03 ©.00 8.93 C,03 0.00 0.06 
25 40.43 0.12 0.01 0.0) 0.11 6.00 0.0) 0.07 0.04 
26 43.23 0.00 0.02 Q@.01 -0.01 5.99 a.02 -0.0r 0,00 
27) 47.17 0.00 G.03 0.02 -0.02 5.96 0.02 -0.02 0.99 
28 434.71 0.00 0.00 0.00 -00 5.96 6.00 0.00 0.¢0 
29° «(35.80 0.06 6.00 G.00 0.00 5.96 0.00 0.00 U,00 
30 43.93 0.00 0.02 0.02 -0,92 §.94 0.02 -0.02 0.00 
31 47,40 0.06 0.03 0.02 0.04 5.98 0.02 0.04 6.00 
MONTHLY AVERAGES AND TOTALS FOR JAN - 1990 MORTRLY HEAT INDEX = 1.69 

43.31 4,01 0.65 g.34 3.49 5.98 0.50 1.67 0.04 1.86 


Table 26 (continued) 
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The Hydrogeology of the Bennett Spring Area 


FE@ - 1990 
DAY TEMP PREC POT ET ADJ ET — P-AOD ET SHS ACT ET CHANGE SMS DEFICIT SURPLUS 
G) (IN) (1) (IN) ((N) CIN) (JN) CIM) Cin) (iN) 
1 48.53 0.48 0.03 0.03 0.43 6.00 0.03 0.02 0.00 0.39 
2. 44.52 0.38 6.01 0.03 0.37 6.0D 0.01 0.00 0.00 0.37 
3 33.58 0.14 0.00 0.00 0.14 6.DD 0.00 0.00 0.00 0.14 
4 92,77 D.39 0.00 0.00 0.39 6.00 G.00 0.00 6.00 0.33 
5 43.48 0.03 0.02 0.62 0.01 8.00 0.02 0.00 6.00 0.01 
& 43.70 0.10 0.02 0.02 0.08 6.00 0.02 0.00 0.60 0.08 
Pp Ay.9 0.01 0.03 0.02 -0.0} 5.99 0.02 -0.01 0.00 0.00 
8 56.03 0.03 0.06 0.05 0,02 §.96 0.05 “0.02 4.00 0.00 
3 $0.92 0.28 0.04 6.04 0.24 6.00 0.04 0.04 0.00 0.2. 
\O 42.24 0.00 0.01 0.01 -0.01 5.99 0.01 -0.01 0.00 0.00 
LL 51.03 D.00 0.04 G.04 -0.04 5,95 0.08 -0.04 0.00 0.00 
12 $6.82 0.00 0.66 0.05 -0.05 5.90 0.05 -0.05 0.00 0.00 
J3 57.46 0.02 0.06 0.06 -0.04 5.86 0.06 -0.04 0.00 0.00 
14 40.65 6.29 0.01 0.01 0.28 6.00 0.01 0.44 0.00 0.14 
1S 36.35 1.28 0.00 0.00 1.28 6.00 0.09 6.00 0.00 1.29 
16 34.31 OW 0.00 0.00 0.17 6.60 0.60 0.00 0.00 0.17 
1? 30.43 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 
1B 42,74 0.00 0.02 0.01 -0.01 5.99 0.02 -0.01 0.00 0.00 
19 41.56 0.00 0.01 0.01 -0.01 5.97 0.02 -0.01 D.00 0.00 
20 38.80 0.00 G.01 0.01 -6.01 5.97 0.0L -0.01 0.00 0.00 
Zi A749 0.32 0.03 0.03 0.23 6.00 0.03 0.03 0.00 0.26 
22 48.62 6.30 0.03 0.03 0.27 6.00 0.03 0.00 4.00 0.27 
23 40.30 0.09 0.01 0.01 0.08 6.00 0.04 0.00 0.00 0.08 
24 37,56 0.00 0.03 0.01 -0.01 5.99 D.01 0.01 0.00 0.00 
25 29,11 6.00 0.60 0.00 0.09 5.99 0.00 0.00 0.00 0.00 
26 46.30 0.0% 0.02 0.02 -0.01 5.98 0.02 -0.01 0.00 0.00 
27 50.88 0.06 0.04 0.04 0.0? 6.00 0.04 0.02 0.00 0.00 
28 38.07 0.23 0.01 0.01 0.22 6.00 0.01 6.00 0.60 0.22 
HONTHLY AVERAGES ANO TDTALS FOR FE8 - 1990  NOQNYILY HEAT (NOEX = 1,52 
43.06 4.57 4.58 0.53 4.04 6.00 0.52 0.02 0.00 4.02 
MAR - 4990 
DAY TEMP PREC POT tY ADJ ET = P-AOD ET SHS ACY Ef CHANGE SMS DEFICIT SURPLUS 
(F) (IN) UN) (IN) (1H) (TH) QIN) (1a) (1) CIN) 
1 29.89 D.14 0.00 0.00 0.14 6.00 0.00 0.00 0.00 0.14 
2 39.40 0.00 0.01 0.01 -0.01 5.99 0.01 -0.0) 0.00 0.00 
3 39.84 0.00 0.0) 0.01 -D.01 5,98 0.01 -0.01 0.00 D.D0 
4 46,57 0.00 0.03 0.02 6.02 5.96 0.02 -0.02 0.00 0.00 
S$ 52.50 0.09 0.04 0.34 0.05 6.00 0.04 0.04 0.00 0.00 
& 51.65 0.16 0.04 0.04 0-12 6.00 0.04 0.00 0.00 0.12 
7 48.96 0.5! 0.03 0.03 0.48 6.00 0.03 0.00 0.60 D.48 
8 60.66 0.22 0.08 0.08 0.14 6.00 D.ag D.0G 0.00 G.14 
9 62.17 0.00 0.08 0.08 -0.08 5.92 0.68 -0.08 0.00 0.90 
10 69.74 G.08 0.42 0.11 -0.02 5.89 0.11 -0.02 0.00 0.08 
1) 66.66 a.ar 0.)0 0.10 D.07 5.96 0.10 D.O7 0.00 0.00 
12 68.07 0.38 0.12 0.3) 0.27 6.00 0.11 0.04 0. 0U u.23 
139° 65.83 0.25 0.10 0.10 0.15 6 0.10 0.00 0.00 0.15 
14 60.31 1.31 0.08 0.08 1,23 é 0.08 0.00 6.00 1.23 
15 51.26 1.13 0.04 0.04 1.093 6 0.04 0.00 0.00 1,09 
16 50.52 6.00 0.03 0.04 -0.04 5.96 @.04 -0,04 0.00 0.00 
\F 48.34 6.00 6.03 0.03 -0.03 5.93 0.03 -0.03 0.00 0.00 
19 43.20 0.07 0.02 0.02 0.05 5.98 0.02 0.05 0.00 0.00 
19 36.76 0.08 @.00 0.00 0.08 6.00 4.90 6.02 0.00 0.66 
20 38.99 a.00 0.01 0.01 -0.01 5.99 0.03 -0.0) 0.00 0.00 
Zi 55.39 0.00 0.06 0.06 -0.06 5.94 6.06 -0,06 0.00 0.06 
22 57.42 0.04 0.06 0.06 -0.02 5.91 0.06 -0.02 0.00 0.00 
23° 41,43 0.10 0.01 D.O1 0.09 6.00 0.0) 0.93 0.00 0.00 
24 27.63 0.32 0.00 0.00 0.32 6.00 0.08 0.00 G.0D 0.32 
25 29.91 0.13 0.00 0.00 0.13 6.00 0.01 0.00 0.00 0.33 
26 43.40 0.09 D.02 .02 0.07 6.00 0.02 0.00 0.00 0.07 
2)? 43.12 0.03 0.02 0.02 D.OL 6.00 0.02 6.00 0.00 0.04 
2B 44.09 0.46 0.02 0.02 0.44 6.00 0.02 a..00 0.90 0.44 
29° 49.52 0.08 0.03 0.04 0.04 6.00 0.04 6.00 0.00 0.04 
30 46.57 0.22 0.03 0.03 0.19 6.00 0.03 0.0 0.00 0.19 
DL 52.63 0.03 0.05 G.05 -0.02 5.98 0.05 0.07 0.00 G.00 
MONTHLY AVERAGES AND TOTALS FOR MAR - 1990 MONTHLY HEAT INDEX 2 4.18 
49.12 6.10 1.26 1,26 4.94 5.98 1.26 -0.02 0.00 4.86 


Table 26 (continued) 
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Hydorlogic Budget 


APR - 1990 
OAY TEMP PREC POT ET ADJ ET P-ADJ ET Sus AC) ET CHANGE SHS DEFICIT SURPLUS 

(F) nN) at) (IN) ao) (IN) (IN) CIN) CIN) (ix) 
1 58.93 0.0) 0.07 0.07 -0.06 5.92 0.0% ~0.06 0.00 0.00 
2 50.41 0.00 0.04 0.04 -0.04 5.88 0.04 -0,.04 D.00 0.00 
3 45,37 0.00 0.02 0.02 -0.02 5.86 0.02 -0.02 0.00 0.00 
4 53.54 0.00 0.05 0.05 -0.05 5.81 0.05 -0.05 0.00 0.00 
5 Ad 0.19 8.03 0.03 0.16 5,97 0.03 0.16 0.00 0.00 
6 39.25 0.16 a.0% 0,01 0.25 6.00) 0.01 0.93 0.60 0.12 
7 42.23 0.50 0.01 0.02 -0.02 5.98 0.02 -G.02 3.60 0.00 
B 51.30 0.00 0.04 7.04 0.04 5.54 0.94 -0.04 0.00 0.00 
3 58.56 0.14 0.07 0.07 0.07 6.00 0.07 0.06 0.00 0.01 
10 $2.42 1.24 0.08 0.05 1.19 6.00 0.05 D.00 0.00 1.49 
41 40.38 0.03 0.01 0.01 0.02 6.00 0.01 0.00 0.00 D,02 
12 40.77 0.00 0.01 0.01 -0.01 5.99 0.0) -0.01 0.00 0.00 
12 47.76 0.37 0.03 0.03 0,34 6.00 0.03 0.01 0.00 0.33 
Jd $2.39 0.27 0.04 0.05 0.22 6.00 0.05 G.00 0.00 0.22 
15 55.43 0.08 0.06 0.08 0.02 6.00 0.06 0.08 0.00 0.02 
16 58.22 0.07 0.07 0.07 0.00 6.00 0.07 0.60 0.0 0.00 
1? 46.83 0.31 0.03 0.03 0.28 6.00 0.03 6.080 0.00 0.28 
18 51.28 0.0) 0.04 0.05 -0.04 5.96 0.05 -0.0a 0.00 0.00 
19 55.97 0.00 0.06 0.06 -0.06 5.90 0.06 -0.06 0.00 D.00 
20 64.09 0.26 0.09 0.30 0.06 5.96 6.10 0.06 0.00 0.00 
21 68.14 0.04 O.1r 0.13 -0.09 5.67 0.13 -0.09 0.00 0.00 
22 (69.57 0.00 0.12 0.14 -0.14 5.74 0.13 -0.13 0.00 0.00 
23 72.68 0.00 0.14 0.35 -0.15 5.59 0.15 -0.15 0.01 0.00 
24 312.95 6.00 a.14 0.16 -0.16 5.45 0.15 0.15 0.01 0.0 
25 72.34 0.00 0.13 a.15 “0.15 5.31 0.34 -0.14 0.01 0.00 
26 73.28 0. 00 0.14 0.16 -0.16 5.17 0.14 0.14 0.02 0.60 
27 69.15 0.55 0.12 0.13 0.42 5.58 0.123 0-42 0.00 0.00 
28 $5.33 0.25 0.05 0.06 0.19 5.77 D.06 0.19 0.06 0.00 
29° 66.63 0.60 0.10 0.12 -0.12 5.65 0.12 -0.12 0.00 ¢. 00 
30 56.05 0.02 0.06 0.07 -0,05 5.61 0.06 +0.08 0.00 0.00 

HONTHLY AVERAGES AND TOTALS f0R APR - 1990 MONTHLY HEAT INDEX = 4.75 

56.27 3.90 1.99 2.16 1.74 5.6) 2.10 “0.97 0.06 2.18 
KAY - 1830 
DAY TEMP PREC POT ET AQ) Ef — P-ADJ ET Sus ACT €Y CHANGE SMS DEFICIT SURPLUS 

(F} (CIN) (iN) rat) CIN) CIN) an) CIN) (IM) UN) 
1 $6.30 0.10 0.06 0.67 0.03 5.64 0.07 0.03 6.00 0.00 
2 55.22 0.13 0.05 0.06 0.07 5.01 0.06 0.07 0.00 0.00 
3 62.9t 1.84 0.09 0.10 4.74 6.00 0.1D 0.29 0.00 1.45 
4 60.26 0.55 0.06 0.09 0.46 6.00 0.64 8.00 0.00 0.46 
5 $7.63 0.03 0.06 0.08 -0,05 5.95 0.08 -0.05 0.00 0.00 
6 6.64 0.02 0.08 0.10 -0.08 5.88 0.03 -0.0? 0.00 0.00 
7 64.27 0.00 0.03 0.1) -0-11 $.77 d.11 -0.1) 9.00 0.00 
& 66.62 0.00 0.31 0.12 -0.12 5.85 0.12 -0.t2 0.09 0.00 
9 61.41 0.05 0.08 0.10 0.05 5.61 0.09 0.04 0.00 0.00 
10 52.85 0.02 0.04 0.05 -0.03 5.58 0.05 “0.03 0.00 6,00 
11 50.01 0.12 0.0a 0.05 0.07 5.65 0.05 0.07 0.00 0.00 
12 60.52 0.73 0.08 5.09 0.70 6.00 0,03 0.35 0.00 0.35 
13 61.84 0.05 0.08 0.10 0.05 5.95 0.10 -0.05 4.00 0.00 
14 64.62 0.19 6.09 0.14 G.9F 6.00 D.Ih 0.05 0.00 0.02 
15 22.30 0.50 0.13 a.16 0.34 6.08 0.16 0.00 0.60 0.34 
16 2.32 0.96 0.12 0.16 0.80 6.00 0.16 0.00 0.00 0.40 
17 59.83 0.22 0.0? 0.09 0.13 6.00 U.03 0.00 0.60 0.13 
14 60.88 0.04 0.08 0.09 -0.05 5.95 0.09 -0,03 0.06 0.00 
19 65.08 0.40 0.40 0.12 0.28 6.00 0.97 0.05 0.00 0.29 
20 71.398 0.10 0.13 0.36 ~0.06 5.94 0.16 -0.06 0.00 0.06 
2) 64.60 0.88 0.09 0.11 0.77 6.00 o.11 0.06 0.00 0.7) 
22 &D.6? 0.00 0.08 0.09 -0.09 5.91 0.09 -0.09 0.06 0.00 
23° 62.44 0.00 0.08 0.10 0.10 5.61 0.10 ~0.10 0.00 0.00 
24 64.57 0.04 0.09 0.12 -0.08 5.73 O11 -0.07 0.00 0.00 
25 75.35 0.22 0.15 0.18 0.03 5.76 0.18 6.03 0.00 6,00 
26 64.55 3.39 0.20 0.12 3,27 6.00 0.12 0.24 0.00 3.03 
27 61.69 0.39 0.08 0.10 0.23 6.00 0.10 0.00 0.06 0.29 
2B 64.05 0.04 0.09 0.11 -0.07 5,93 a.11 0.07 0.00 0.00 
29 65.92 0.01 0.10 0.12 0.11 5.81 0.12 “0.11 0.00 0.00 
30 67.60 0.02 Q.1) 0.13 -0.01 5.10 33 -O.1k 0.00 0.00 
3) 65.22 0.15 0.10 0.32 0.03 5.73 0.12 0.03 0.00 0.00 

MONTHLY AVERAGES aNO YOYALS FOR HAY - 1990 MONTHLY HEAT INDEX = 6.73 
63.07 11.23 2.16 434 7.92 5.23 3.29 0.12 0,02 7.41 
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JUN - 1990 
DAY TEMP PREC POT ET ADJ ET P-AQJ ET SHS ACT EF = CHANGE SHS NEFICHT SURPLUS 
(F) (Ny) CIN) (IN) (ia) (IN) CIN) CN) CIN) Q1N) 
1 73.61 0.07 0.14 0.17 -0.10 5.64 0.17 -0.10 9.00 0.00 
2 73.01 0.02 0.14 0.17 -O.15 5.50 0.16 “0.14 0.0% 0.00 
3 (68.79 0.00 0.12 0.14 -0.14 §.36 0.13 -0.13 0.0) 0.00 
4 60,32 0.00 0.08 6.03 -0,09 5.28 0.08 -0.08 Q.0k 0.00 
5 67.22 0.00 0.3 0.13 -0.13 5.16 0.12 -0.12 a.d2 0.60 
B 75.99 0.07 0.15 0.19 -0.12 5.06 0.47 -9.10 0.02 0.00 
7 FPANS 0.00 a. 16 0.20 -0.20 4.89 0.17 -O.17 0.04 0.00 
B 79.24 Q.03 0.37 0.2% “0.19 Aya 0.18 -G.15 0.03 0.00 
9 13.87 0.46 0.14 0.18 0.28 4.03 0.18 0.28 a.dg 0.00 
10 73.15 a. Ok 0.14 O.17 -0.16 4.89 0.15 -0.14 0.03 0.00 
LD 74.25 0.00 0.14 0.18 ~0.18 495 0.45 -0.15 0.03 0.00 
12 76.95 0.00 0.16 0.20 -0.20 4,59 0.16 -0.16 0.04 0.00 
13 80.50 0.60 0.16 0.23 -0.22 4,42 0.17 -O.47 0.05 0.00 
14 70.85 0.41 0.1) 0.16 0.25 4.67 0.36 0.25 0.00 0.00 
1S 79.34 0.20 0.17 0.22 -0.02 4.66 0.2) -0.0) 0.00 0.ad 
16 80.47 0.00 0.18 0.23 -0.23 4,48 0.18 -0.18 0.05 0.00 
17 62.41 0.08 0.19 0.24 -0.24 4.30 0.16 ~0.48 0.06 0.00 
1B 83.15 0.00 a.20 Q.25 -0.25 A\2 6.18 -0.18 0.07 0.00 
19° (77.96 0.16 0.1? 0.21 -9.05 4.09 0.19 -0.03 0.01 0.00 
20 75.97 6.34 0.15 9.19 0.15 4.24 0.19 0.45 0.00 0.00 
21 13.63 0.09 0.44 0.18 ~0.09 4.18 0.15 -0.06 0.03 0.60 
27 10.50 0.37 0.32 0.15 0.22 4.40 0.15 0.22 0.00 0.00 
23° (67.43 0.0? 0.1) 0.33 -0.06 4.5 0.12 -0.05 0.02 0.00 
24 69.22 0.00 0.12 0.15 -0.15 4.24 O.1L -Q.13 0.04 0.00 
25 73.51 0.26 0.14 0.1? 0.09 4,33 QO? 6.08 0.00 0.00 
26 77,39 @.13 0.16 6.20 +0.07 4.28 0.16 -0.05 0.02 0.06 
27) 78.04 0.02 0.17 0.2) -0.19 4.14 0.35 -0.13 0.85 6.00 
26 79.96 @.00 0.18 0.22 -0.22 3.99 0.15 -0.95 0.07 0.00 
29 81.70 0.00 0,19 0.24 “0.24 3.83 0.16 -0.16 0.08 0.00 
30 79.89 0.00 0.18 0.22 -0.22 3.69 0.14 -0.14 0.08 0.00 
MONTHLY AVERAGES ANO TOTALS FOR JUN - 19990 MONTHLY HEAT JNDEX = 10.65 
75.18 274 4,53 5.62 +2.91 3.69 4.75 -2.04 0.a7 Q.00 
JUL - 1990 
DAY -TEHP PREC POT ET ADJ €T P-AQJ ET SNS ACT EF = CHANGE SxS DEFICIT SURPLUS 
(FY CIN) (iN) CIN) (1N) CIN) (id) (1N) CIN) (IN) 
2 «681.86 0.00 0.19 0.24 -0.24 3.55 0.15 -0.15 0.09 6.00 
2 «85.60 0.00 0.2) 0.26 -0.26 3.39 0.35 -0.15 0.1) 0.00 
3 «86.14 0.00 0.2) 0.26 -0.26 3.24 0.15 “0.95 0.1) 6.00 
4 86.34 0.00 0.2) 0.27 -0.27 3.10 a.44 -0.14 0.12 0.00 
S$ 85.77 6.09 6.21 0.26 -O.17 3.01 C.18 -0,09 0.03 0.00 
6 482.86 0.13 0.20 0.24 -O.11 2.95 0.:3 -U.66 0.06 @.00 
7 81.38 0.0) 0.19 0.23 -0.22 2.85 0.12 -O.11 a..1h 0.00 
8B 83.55 0.00 0.26 6.25 -6.25 2.73 0.12 -0.12 0.13 C.00 
8 44.05 0.00 0.20 0.25 -0.25 2.61 0.11 -Q.hi 0.14 0.00 
10 84.79 0.00 0.7) 0.25 “0.25 2.60 O.1t -O.11 0.ja 0.00 
J). 79.25 15 0.\) 0.21 0,94 3.44 0.7) 0.94 0.00 6.00 
12 70.98 0.78 0.13 0.16 0.62 4.0] 0.16 0.62 0.00 0.00 
13) 66.49 0.82 0.10 Q.13 0.69 4.36 0.13 0.69 0.00 0.00 
14 60.48 0.03 0.08 0.09 -0.06 4.7) 0.08 -$.05 0.0) 0.00 
15 6B.33 0.02 0.11 0.24 -0,12 4.62 0.11 -0.08 0.03 0.00 
16 75.27 G.00 6.15 0.18 -0.18 4.4) D.t4 -0.14 0.04 0.00 
17) 74.05 0.00 0.14 a.i? -O.17 4,34 0.13 -0.13 a.04 0.00 
18 77.70 0.00 0.16 0.26 -0.20 4.20 0.14 -0.14 0.05 0.00 
49° 78.86 0.00 0.17 0.2) -0.21 4.06 0.15 ~U.15 0.06 0.00 
20 79.88 0.00 6.16 0.22 -0.22 3.91 0.25 -0.45 0.07 0.00 
21 78.96 0.30 0,57 0.2) 0.09 4.00 0.21 0.09 0.00 0.06 
22 48.88 0.26 0.12 0.14 a.i4 4.\4 0.14 0.14 6.00 0.00 
23,5 «70.73 0.02 0.13 0.%5 70,413 4.03 a.12 -0.09 0.04 0.00 
24 72.01 0.01 0.)3 0.16 0.45 3.95 0.2%) -0.10 0.05 0.00 
25 74.90 0.09 0.15 0.19 -0.09 3.89 0.15 ~0.06 0.03 0.09 
26 74.09 1.37 0.14 0.17 1.20 5.09 0.17 1.20 g.00 0.00 
27) 80.05 6.51 0.18 0.2! @.30 5.39 0.21 6.30 0,00 Q.00 
78 80.94 0.00 a.i9 0.22 -0.22 5.19 0.20 -0.25 0.62 0.00 
29° (77.07 0.00 0.16 0.19 -0.39 5.02 Q.47 -0,13 6.03 0.00 
30 15.63 0.00 G.15 0.18 -0.18 4.97 0.15 -0,15 5.03 0.06 
3) 71.82 0.00 0.13 0.16 -0.16 4.75 0.13 -0.43 0.03 0.06 
MONTULY AVERAGES ANO TOTALS FOR JUL - 1990 MONTHLY HEAT INDEX = 24.90 
77.38 5.4) 5.08 §.19 -0.58 4.153 4.56 1.05 1.63 0.00 
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AUG - 1990 
OAY TEMP. PREC ALJ €T —-P-ADJ ET SHS ACY CT CHANGE SMS) DEFICIT SURPLUS 

(fF) CIN) (IN) (IN) (IN) (Tk) CIN) CIN) (iN) 

1 74.10 0.00 O.17 -0.17 4.61 0.13 -0.33 8.04 0.00 
> 16.46 0.00 0.19 -0.19 4.a) 0.44 “0.14 0.04 0.00 
3 78.05 0.83 0.20 0.69 $.16 0.20 0.69 D.0G 0.00 
4 75.56 0.87 0.16 0.69 5.86 0.18 0.69 0.00 0.00 
5 70.34 0.24 0.14 0.10 5.95 0.14 0.10 0.00 0.00 
6 67.67 0.00 0.13 -0.13 5.03 a.43 -0.13 0.00 0.00 
7 63.06 0.00 4.10 -0.10 5.73 0.10 -Q.10 0.00 0.00 
A 66.50 0.00 0.12 -0.12 5.61 0.12 -0.17 0.0% 0.60 
5 30.40 0.00 0.14 -0.14 5.49 0.73 -0.13 0.01 6.00 
ld 12.06 0.00 0.15 0.15 5.34 0.14 -0.14 0.03 0.00 
11 68.34 0.03 g.13 0.10 5.25 0.12 -0.09 0.01 0.00 
12. 72.13 0.23 0.15 0.08 5.32 0.15 0.08 0.00 6.00 
13° 71.88 0.26 g.t5 0.05 5.37 0.35 0.05 @.00 0.00 
Ad 749,14 0.00 0.16 ~0.16 5.73 6.14 -G.i4 0.02 0.00 
15 75,67 0.2) 0.17 0.04 5.2) 0.17 0.04 6.00 0.00 
16 77.8) 0.31 0.19 0.12 5.39 0.19 0.1? 0.00 0, D0 
1? 80.35 0.07 0.21 “0.44 3.27 0.19 -0.12 0.01 D.00 
18 80.88 0.00 0.21 -D.22 5.08 0.18 -Q.18 a.03 0.00 
19 80.32 0.43 0.20 -0.07 5.02 0.19 0.06 0.01 0.00 
20 (77.60 d.10 0.18 -0.08 4.95 0.17 -0.07 0.01 0.00 
21 74.93 6.00 O.17 -0.4) A.BL 0.14 -D.14 0.03 0.00 
22 «74.01 0.60 0.16 -0.16 4.68 0.13 -0.13 0.03 0.00 
23° (JB.87 0.00 0.19 -0.15 4.53 0.15 0.15 0.04 0.00 
as 3.44 0.00 0.22 -0.22 4,3) 0.17 -O0.17 0.05 0.00 
25 84.29 a.00 0.23 0.23 4.20 0.17 -0.17 0.06 0.00 
26 00.40 0.00 0.25 -0.25 4.03 0.17 0,17 0.07 0.00 
2? 94.66 0.00 0.23 -0.23 3.98 0.15 “DIS 0.07 0.00 
20 05.54 0.00 0.23 -0.23 3.93 0.15 -D.15 0.08 G.00 
29° BA.5) 0.00 0.23 -0.23 3.59 0.14 -0.14 6.09 0.00 
30 16.68 0.00 0.17 -0.47 3.40 0.10 -0.10 0.0/ G.00 
3L 78.37 0.00 0.18 0.16 3.38 0.14 0.33 0.08 0.00 

MONTHLY AVERAGES ANG TOTALS FOR AUG - 1990 MONTHLY MEAT INDEX = 11.47 
76.32 3.28 4,98 5.53 -2.25 3.38 4.65 “1.37 0.88 0.00 
See - 1990 

DAY TEP PREC POT ET ADJ EY 9 P-AOJ ET SHS ACY CT CHANGE SMS) ODEFICIT SUNPL US 

(F) QIN) CIM) CIN) (IN) (ER) (EN) (IN) (EN) (14) 

1 93.37 0.00 0.20 0.22 0.22 3.25 0.12 -0.12 0.09 4.00 
2 80.76 0.00 0.18 0.20 -0.20 3.45 0.11 0.3) 0.09 0.00 
3 83.52 0.00 0.20 0.22 -0.22 4.03 O.LL -0.1) 0.10 6.00 
4 5.84 g.00 0.21 0.23 0.23 2.92 a.12 +0.12 0.32 0.00 
5 85.64 0.00 0.22 0.23 -0,23 2.81 o.)1 -D.11 0.12 0.00 
6 46.79 2.08 0.22 0.23 -0.15 2A 0.15 -0.07 0.08 0.00 
y 85.55 0.03 0.21 0.22 -G.19 2.65 0.12 -0.09 O.1L 0.00 
8 76.9) 0.08 0.16 0.17 -0.09 2.6) 0.32 -0.03 0.05 0.00 
9 78.89 0.00 0.17 0.18 -0.18 2.53 0.08 -0.03 0.10 0.00 
. 0.13 0.37 0.18 -0.05 2.51 OS -0.07 0.03 0.00 

0.26 0.14 0.15 a.11 2.82 6.15 0-11 0.00 0.00 

0.23 @.15 0.15 0.06 2.68 0.15 0.06 0.00 0.00 

0.04 0.15 0.16 -0.12 7.63 0.03 -0.05 0.06 0.00 

0.07 G.15 0.16 -0.09 2.59 0.11 -0.04 0.05 0.00 

0.00 0.10 O.)) “0.11 2.54 0.05 -0.05 0.06 0.00 

0.00 0.10 0.11 0.41 2.50 0.04 0.04 0.06 0.00 

0.03 0.10 0.10 “0.07 2.47 0.06 0.03 0.04 0.00 

0.59 a.12 0.32 0.47 2.94 0.12 0.47 0.00 0.00 

0.23 0.12 D.13 6.10 4.04 0.13 0.10 0.00 6.00 

0.02 a.10 o.11 0.99 3.00 0.06 -0.04 0.04 6.00 

0.54 a.12 D.12 0.42 3.42 a.12 0.42 0.00 0.00 

0. 16 0.08 0.09 0.08 3.49 0.08 0.08 0.00 0.00 

0.00 0.04 0.04 -0.04 3.AT 0.03 -0.03 0.02 0.00 

0.00 0.05 0.05 0.05 3.44 0.03 0.03 0.02 0.00 

0.60 0.11 Ott -O.1) 3.38 0.06 -0.06 0.05 0.00 

0.05 O.14 0.14 -0.14 3.30 0.08 “0.08 0.06 0.09 

0.08 0.14 ¢.14 -0.14 3.22 0.08 -0.08 0.06 6.00 

0.60 0.45 0.15 -0.15 3.14 0.08 -0.08 0.07 6.00 
0.01 0.12 6.12 -0.1) 3.08 0.07 -0.06 0.05 0.06 
0.03 0.08 0.05 ~0.06 9.05 0.06 0.03 0.03 0.00 


MONTHLY AVERAGES ANU YOTALS FOR SEP - 1990 MONTHLY HCAT INOEX = 9.96 


12.96 2.51 4.2) 4.40 -).d¢ 3,05 2.03 -G. 32 1.57 0.00 


YEARLY AVERAGES ABO TOTALS 


57.59 48.52 29.83 33.13 15.43 3.95 25.71 2.18 7.43 20.73 
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THE POTENTIAL FOR CONTAMINATION IN THE 
BENNETT SPRING RECHARGE AREA 


The quatity of water at any spring is dependent 
upon many factors. Natural water quality is 
primarily a function of bedrock type; most of the 
dissolved inorganic constituents in groundwater 
are derived from the rock the water has come in 
contact with. Bennett Spring discharges from an 
aquifer primarily composed of dolomite, and its 
water quality reflects this. The water is a moder- 
ately-mineralized, calciurn-magnesium-bicarbon- 
ate type, and its dissolved-solids load consists 
mostly of these three constituents. Other inor- 
ganic constituents, such as sulfate, chloride, so- 
dium, potassium, iron, manganese, and silica are 
also present in relatively low amounts. Nutrients 
such as nitrate and phosphate are present in low 
concentrations at most springs, and may be from 
either natural or man-made sources. 


Bacteria and smaller organisms can easily en- 
ter groundwater with discrete recharge, and are 
readily transported through most Ozark spring 
systems. Rapid groundwater movement through 
relatively large openings offers little or no filtra- 
tion, so microorganisms are likely to be present in 
the water at any spring, 


With the exception of bacteria, natural condi- 
tions rarely lead to water-quality problems at 
Ozark springs. Such problems are most often 
associated with activities in the recharge areas 
that introduce contaminants into the groundwa- 
ter. As part of this study, a preliminary evaluation 
of contamination potential was made for the 
Niangua River, Dry Auglaize Creek, and Osage 
Fork basins in Laclede, Dallas, Wright, and Webster 
counties. This evaluation includes existing infor- 
mation on file with the Department of Natural 
Resources Division of Environmental Quality, in- 
cluding permitted wastewater treatment facilities, 
permitted solid waste disposal facilities, and known 
hazardous-waste sites. It also includes informa- 
tion on transportation corridors including major 
highways, railroads, and pipelines, Features iden- 
tified as potential contarninant sources are shown 
in figure 38. 


The Missouri Registry of Confirmed Abandoned 
or Uncontrotled Hazardous Waste Disposal Sites 
(Missouri Division of Environmental Quality, June 
1990) lists no sites within the study area in Dallas, 
Webster, and Wright counties. One site is listed in 
Laclede County in sec. 12, T. 33 N., R. 17 W., about 
3 miles northeast of Phillipsburg along the 
Burlington Northern RaiJroad. Here, a railroad 
tank car carrying flammable phosphorous de 
railed and caught fire. The fire was extinguished 
by burying the car; the site is paved, fenced, and 
posted, 


As of July 1, 1990, there are no permitted 
hazardous waste treatment, storage, or disposal 
facilities in the study area, and there are currently 
No operating permitted solid waste treatment fa- 
cilities, including sanitary landfills, in Dallas and 
Laclede counties. Permitted sanitary landfills are 
operating in Webster County (Webster County 
Sanitary Landfill) and Wright County (Hartville 
Sanitary Landfill), but both are outside of the 
Niangua and Osage Fork basins. Three permitted 
landfills have operated in Dallas and Laclede 
counties, but are closed. Dallas County Sanitary 
Landfill operated in sec. 34, T. 35 N., R. 19 W., 
about 7 miles northeast of Buffalo, is ona tributary 
of Durington Creek, and Is not within the Bennett 
Spring recharge area. Two permitted sanitary 
landfills, both now closed, operated in the Leba- 
non afea. City of Lebanon Sanitary Landfill oper 
ated in parts of sections 15 and 16, T. 34N.,R. 16 
W. The site is in upper Goodwin Hollow, southeast 
of the creek, in an area containing numerous 
sinkholes. The landfill is within recharge areas of 
Bennett Spring and Sweet Blue Spring. Colbeck 
Sanitary Landfill operated in Laclede County 4 
miles east of Lebanon in sec. 9, T, 34.N.,R. 15 W. 
The site is in the upper Mill Creek watersied, and 
may be within the Bennett Spring recharge area. 


There are several wastewater treatment facili- 
ties with NPDES (National Pollutant Discharge 
Elimination System) permits in the study area that 
are regulated by the Department of Natural Re 


Contamination Potential 


Photo 15. improper disposal of trash and other waste products in sinkholes can degrade groundwater qualily. 
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sources. These facilities include municipal, indus- 
trial, and some privately owned wastewater treat- 
ment systems. These facilities are permitted to 
discharge set quantities of treated wastewater that 
meet applicable discharge standards established 
for the receiving stream. These sites are shown in 
figure 38. 


Six pipelines cross parts of Dallas, Laclede, 
Wright and Webster counties; four of the pipelines 
are currently in use (fig. 38). Shell Pipeline 
Corporation's Ozark Pipeline is a 22-inch diameter 
petroleum line that transports crude oil. The line 
passes through Dallas and Laclede counties and 
crosses numerous losing streams including Spring 
Hollow about 2 miles southeast of Bennett Spring. 
A second Shell pipeline, an older 10-inch diameter 
line, parallels the Ozark Pipeline but is not cur 
rently used. The Explorer Pipeline roughly paral- 
lels the Ozark Pipeline; the two are typically less 
than a mile apart across the study area. The 
Explorer line is 24 inches in diameter, and trans- 
ports refined petroleurt products including gaso- 
line, fuel oii, diesel fuel, and jet fuel. About 9 miles 
of both the Ozark and Explorer pipelines are within 
the Bennett Spring recharge area, and they also 
cross recharge areas of Sand, Famous Blue, Sweet 
Blue, and Hahatonka springs. 


The Continental Pipeline, Conoco, Inc., passes 
through parts of Laclede, Dallas, and Webstec 
counties south of the Ozark and Explorer pipe- 
lines, and crosses the Bennett Spring recharge 
area. The Continental Pipeline is actually two, 10- 
inch diameter lines used to transport refined petro- 
teum products including gasoline, fuel oil, aviation 
fuels, and propane. About a 14-mile reach of these 
lines is within Bennett Spring’s recharge area, and 
the lines also cross areas providing recharge to 
Johnson-Wilkerson Spring, Sweet Blue Spring, 
and Hahatonka Spring. 


The remaining pipeline, previously used by 
Williams Pipeline Company for transporting am- 
monium nitrate and urea fertilizer, passes through 
Wright and Webster counties. This line is now 
owned by Williams Telecommunications, who plan 
to use it as a fiber-optics cable conduit. tt is no 
longer used to transport fluids. 


Several major highways cross the study area, 
including the recharge area for Bennett Spring. 
About 26 miles of Interstate-44, from near 


Marshfield to Lebanon, crosses the Bennett Spring 
recharge area. The Burlington Northern Railroad 
roughly paraliels Interstate 44 through the same 
area. Sections of Missouri highways 64, 32, and 5, 
plus numerous secondary highways and county 
roads, also cross the recharge area. 


None of the waste disposal sites, wastewater 
treatment facilities, pipelines, and transportation 
corridors discussed above are known to be con- 
tributing contaminants. They are simply the more 
obvious potential contaminant sources. Numer- 
ous additional potential contaminant sources ex- 
ist, including animal waste lagoons, underground 
storage tanks, and private residential septic sys- 
tems. 


The effects that an environmental accident 
could have in the study area depend greatly on the 
type of contaminant released, contaminant quan- 
tity, and location. Contaminants released into a 
diffuse recharge setting, well away from any dis- 
crete recharge feature such as a losing stream or 
sinkhole, may cause locally severe groundwater 
contamination, or, ifadjacent to a gaining stream, 
surface-water contamination. Subsurface con- 
taminant movement will likely be slow in this 
setting, and contaminants would likely affect 
nearby private wells. If action is quickly taken, at 
least some contaminant recovery would be pos- 
sible which would mitigate damages from the 
spill. The contaminants would likely be fairly well 
dispersed by the time they entered larger spring- 
system conduits. Contaminants released into a 
diffuse recharge setting in the Bennett Spring 
recharge area would likely arrive at the spring in 
tow concentrations, but would affect water quality 
for an extended time. At springs with lower 
discharges, contaminant concentrations would 
likely be higher. 


Contaminants introduced into discrete recharge 
features will move rapidly into the subsurface and 
will, within a relatively short time, begin to affect 
the quality of water discharging from the receiving 
spring. However, because the discrete recharge 
follows well-defined conduit-ty pe flow paths, water 
in the aquifer adjacent to the conduits may not be 
affected. A groundwater conduit functions much 
like a horizontal well; water is induced to move 
toward it and not away from it. Of course, periods 
of high recharge following heavy precipitation 
may increase the head pressure in the conduit to 
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Figure 38. Polential contaminant sources in the Bennett Spring area. 
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where it is greater than the head pressure in the 
adjacent aquifer. As a result, water within the 
conduit will flow into the adjacent aquifer. How- 
ever, as the recharge is channelled away, pressure 
in the conduit will decrease and water that moved 
from it into the aquifer will reverse and flow back 
to the conduit. There are several instances jn 
Missouri where contaminants were accidently in- 
troduced into a losing stream or sinkhole, and 
affected the quality of water at a spring some 
distance away. However, water samples from 
wells between the contaminated site and the spring 
showed the wells were not affected. 


Groundwater velocities measured from dye trac- 
ing in the study area range frorn less than 0.25 mi/ 
day to a high of over 1.25 mi/day. Obviously, the 


chances of capturing and retaining spilled con- 
taminants in a discrete recharge setting are very 
poor. Contaminant concentrations at the receiv- 
ing spring will probably be relatively high, and 
depending on the recharge characteristics of the 
spring and the chemical characteristics of the 
spilled material, contaminants may affect the 
Spring for a few weeks or a much longer period of 
time. Several of the potential contaminant sources 
in Bennett Spring’s recharge area are petroleum 
pipelines carrying crude oi) as well as refined 
petroleum products. A major release from any of 
these lines, especially where they cross losing 
streams, would likely cause severe long-term wa- 
ter-quality degradation at Bennett Spring. 


HYDROLOGIC CHARACTERISTICS OF BENNETT 
SPRING AND ITS RECHARGE AREA 


The hydrologic characteristics of Bennett Spring, 
including its recharge and discharge characteris- 
tics, are to a great extent controlled by recharge 
area size, recharge type and rate, and the georn- 
etry of the conduit system channelling water to the 
spring. The information collected during this 
study Cannot answer all of the questions about the 
Bennett Spring system, but it certainly allows a 
much better understanding of its hydrology. 


Dye tracing and potentiometric map analysis 
indicates a recharge area of approximately 265 
mi?. Average discharge at Bennett Spring is 
approximately 165 ft?/sec, allowing for an aver- 
age discharge of 5 ft?/sec for Spring Hollow up- 
stream from Bennett Spring. Based on these 
figures, the spring system has an average annual 
recharge rate of 8.5 inches; on the average, of the 
total precipitation occurring over the recharge 
area, 8.5 inches of precipitation enters the subsur- 
face to recharge Bennett Spring. However, it is 
doubtful that this recharge rate is uniform over the 
entire recharge area. Most of the recharge occurs 
in losing-stream watersheds; water-loss rates vary 
between each of the losing streams. For example, 
flow measurements in Spring Hollow show that 


very little water Jeaves the watershed by surface 
flow; nearly all of the water is channelled under- 
ground to emerge at Bennett Spring. Conversely, 
upper Fourmile Creek which also provides re 
charge to Bennett Spring has a higher surface 
water runoff rate, and consequently a lower ground- 
water-recharge rate. 


A significant part of the Bennett Spring re 
charge area also provides recharge to other springs. 
The East Fork Niangua River recharges both 
Bennett Spring and Jake George Springs, and 
upper Goodwin Hollow provides recharge to Sweet 
Blue Spring as well as Bennett Spring. Presently, 
itis not possible to measure the amounts of water 
provided from these two areas to each of the three 
springs, but obviously the amount of water Bennett 
Spring receives from these areas is considerably 
less than if they provided recharge only to Bennett 
Spring. Additionally, the losing reach of the East 
Fork is relatively short, and flow observations 
made during this study show that considerable 
surface water runoff does occur in this reach, 
effectively decreasing the amount of groundwater 
recharge in this part of the recharge area. 


The part of the Bennett Spring recharge area 
with the highest groundwater-recharge rate con- 
sists of about 156 mi’, andincludes Spring Hollow, 
upper Dousinbury Creek, upper Goodwin Hollow, 
upper North Cobb Creek, and upper Brush Creek 
watersheds. Recharge in these watersheds, which 
comprise about 59 percent of the total recharge 
area, likely provide about 80 percent of Bennett 
Spring recharge. 


Bennett Spring discharge is dependent on re 
charge. The volume of recharge is dependent on 
precipitation, soil characteristics, evapotranspira- 
tion, and the presence of discrete recharge fea- 
tures such as sinkholes and losing streams. The 
long-term hydrologic balance, which was based 
on a soil moisture field capacity of 6 inches, 
showed an average surplus moisture of about 13.9 
inches per year, slightly higher than average an- 
nual runoff measured at surface-water gaging 
stations in the area. Surplus moisture, however, 
Tepresents the amount of water available for 
groundwater recharge and surface-water runoff. 
During dry years in some losing-stream water 
sheds, all of the surplus moisture may become 
groundwater cecharge. During wet years, the 
same watersheds may have a significant volume 
of surface-water runoff. Figure 39 shows weighted 
water year precipitation for the Bennett Spring 
recharge area plotted against average annual 
discharge at Bennett Spring for water years 1966 
through 1990. The relationship between rainfall 
and discharge can be seen, but correlation is 
relatively poor. Groundwater recharge is depen- 
dent on rainfall, but recharge also depends on 
when the precipitation occurs, the amount of soil 
moisture in storage, temperature, and other fac- 
tors. For example, a year with above-average 
precipitation may produce less surptus moisture 
than a drier year if most of the precipitation 
occurred as relatively small but frequent rainfall 
events during hot weather when soil moisture 
storage was low and evapotranspiration was high. 


Figure 40 shows calculated water year surplus 
moisture plotted against discharge at Bennett 
Spring for water years 1966 through 1990. It 
shows less data scattering and much better corre- 
lation of data than figure 39. Much of the scatter- 
ing is a reflection of the aquifer storage character- 
istics in the Bennett Spring recharge area. Water 
discharging from Bennett Spring consists of dis- 
crete recharge, which is primarily responsible for 
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the rapid increases in discharge after s:gnificant 
recharge events, and diffuse recharge which moves 
much more slowly through the aquifer and pro- 
vides spring flow during dry weather. For ex- 
ample, average discharge at Bennett Spring dur 
ing a dry year will exceed the discharge calculated 
from figure 40 if the previous year had normal or 
above normal recharge. Average discharge durt- 
ing a very wet year willbe less than calculated if it 
follows a dry year. Thus, aquifer storage is an 
important factor in Bennett Spring discharge. 
Figure 41 shows average daily discharge at Bennett 
Spring during two water years with extremely 
different recharge amounts. Between water years 
1965-1966 and 1989-1990, water year 1976-1977 
had the lowest surplus moisture and Bennett 
Spring had its lowest average annual flow. Sur- 
plus moisture during this year was calculated at 
6.96 inches, 8 inches below average for the 25 
year period. Average discharge at Bennett Spring 
for the year was 105 ft/sec. There were very few 
rainfall events that generated discrete recharge, 
and most of the spring discharge during the year 
was derived fron water in storage in the aquifer. 
Conversely, water year 1984-1985 had the highest 
precipitation and second highest calculated sur- 
plus moisture during the period, 52.68 inches and 
27.61 inches, respectively. Bennett Spring's aver- 
age discharge during this year was 296 ft*/sec. 
The hydrograph shows considerable discrete re 
charge from frequent rainfall events throughout 
most of the water year, and many of the hydrograph 
peaks likely include significant runoff fron Spring 
Hollow upstream from Bennett Spring. 


The hydrologic budgets are a useful tool for 
estimating the amount of surplus moisture avail- 
able during a given year, but do not always show 
when recharge occurs. This is most common in 
the long-term hydrologic budget, which uses 
monthly precipitation and temperature data, but 
even the water year 1989-1990 hydrologic budget, 
which used daily temperature and precipitation 
data, failed to show several recharge events. Fig- 
ure 42 shows weighted recharge area precipita- 
tion, surplus moisture, and discharge at Bennett 
Spring for water year 1989-1990. The spring 
hydrograph is corrected for surface water runoff 
from Spring Hollow. Several rainfall events in 
November, July, and August generated discrete 
recharge, as evidenced by hydrograph peaks at 
Bennett Spring. However, based on hydrologic 
budget calculations, no surplus moisture was gen- 


Zor 


55.0 


50.0 re 


45.0 a 


Weighted water year precipitation (P), inches 


40.0 : 

* 

x 
™ P 
35.0 Q = Ln (ge) 
0.0022 

a * * 

* 
30.0 
75.0 

100 125 160 175 200 eek 250 2745 


Average water year discharge (Q), Bennett Spring, ft*/sec 


Figure 39: Weighted precipitation versus discharge, water years 1966-1990, Bennett Spring. 
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Figure 40: Surplus moisture versus discharge, water years }966-1990, Bennett Spring. 
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Figure 41: Hydrographs showing average daily flows al Bennett Spring during extremely wet and extremely 
dry years. Data source: U.S. Geological Survey. 
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erated by these rainfallevents. The discrepancy Is 
likely due to two factors: 1) The hydrologic budget 
assumes that no surplus moisture occurs unless 
precipitation exceeds evapotranspiration, and 2) 
soll moisture storage is at field capacity. For 
example, if 1.5 inches of rainfall occurred, and 
evapotranspiration was 0.25 inches, and soil mois- 
ture storage was 2 inches below field capacity, no 
surplus moisture would exist because the 1.25 
inches Of moisture remaining after evapotranspi- 
ration would not be enough to bring soil moisture 
storage up to field capacity. NHowever, if soil 
moisture storage was only 0.5 inch below field 
capacity, then there would be 0,75 inches of 
surplus moisture. The soil moisture storage field 
capacity of 6 inches used in hydrologic budgets 
calculated for the Bennett Spring area represent 
an average value for the area, and significant 
variations likely occur. 


Another factor that is not considered in the 
hydrologic budget is rainfall intensity. Three 
inches of precipitation occurring over a 24-hour 
period when soil moisture storage is low will 
generate little runoff into sinkholes and losing 
streams, and will likely be stored in soil materials. 
The same amount of rainfall occurring during a 
one-hour time period will likely generate signifi- 
cant runoff into losing streams, and generate 
discrete recharge even if soil moisture storage Is 
below field capacity. In essence, when the rainfail 
rate is greater than the soil infiltration rate, runoff 
will occur. If the runoff is Into a losing stream or 
sinkhole, groundwater recharge will occur, even if 
soils are not saturated. 


Specific electrical conductivity data were col- 
lected at springs in the study area as part of this 
project. Specific conductivity is the electrical 
conductance of an aqueous solution as measured 
between opposite faces of a centimeter cube at 
25°C. Pure water has a very low specific conduc- 
tance, and conductivity increases as the ammount 
of dissolved solids in the water increases, Differ- 
ent ion concentrations will cause differing in- 
creases in conductivity, so conductivity data will 
not accurately show specific ion content in natural 
waters, but conductivity data collected at a given 
spring will accurately show changes In dissolved 
solids content. 


Specific conductivity data are useful for deter- 
mining when discrete recharge from rainfall events 
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reach a spring. Rainfall typically has a low dis- 
solved solids content, and thus has a very low 
specific conductivity. Dissolved solids in ground- 
water are primarily dissolved from the bedrock the 
water has been in contact with in the aquifer. 
Water entering the ground through a losing stream 
or sinkhole increases its dissolved solids load as it 
moves through the aquifer, but because it moves 
through the aquifer quickly, the water emerges at 
a spring before it reaches chemical equilibrium 
with the rock. Ata spring, specific conductivity is 
generally highest in late summer and early fall 
when recharge is low and most of the discharge is 
water that has been in contact with the aquifer for 
a relatively long period of tirme. Conductivity Is 
lowest during periods of high discrete recharge 
when large volumes of low-conductivity water is 
being channeled through the aquifer. 


A specific conductivity transducer and 
datalogger was obtained for this project, and was 
installed at Bennett Spring to collect hourly spe 
cific conductivity data. However, the transducer 
was poorly suited for measuring relatively smail 
changes in conductivity, and failed to operate 
properly. A new transducer, designed and built to 
measure relatively small changes in low-conduc- 
tivity waters, was not received until the end of the 
project, so hourly specific conductivity data are 
not available. Specific conductivity was mea- 
sured manuatly at Bennett Spring at approxi- 
mately 1-week intervals during water year 19B9- 
1990. Temperature data were also collected at 
approximately the same interval. These data, 
along with Bennett Spring average daily discharge 
(corrected for runoff from Spring Hollow), and 
weighted recharge area precipitation are shown in 
figure 43. Temperature of Bennett Spring varied 
about 3°F. throughout the water year, and aver- 
aged about 56.5°F. Specific conductivity was 
highest during low-recharge periods in late sum- 
mer, 1989, and early winter, 1990. Concuctivity 
was lowest in spring and early summer, 1930, 
when discrete recharge was highest. 


Figure 43 also shows that Bennett Spring re- 
sponds very quickly to discrete recharge. De 
pending on soil moisture conditions, discharge at 
Bennett Spring begins increasing within a few 
hours after significant rainfall occurs. However, 
specific conductivity measurements and dye trac- 
ing data show that it takes from several days to 
several weeks for most recharge to reach Benrett 
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Spring. The rapid increase in fow at Bennett 
Spring after heavy rainfall is due to an increase in 
head pressure in the recharge area. Discrete 
recharge enters the groundwater system quickly, 
and increases the head pressure in the conduits, 
forcing the water already in the systern to be 
expelled more guickly. The same process can be 
demonstrated using a faucet and long hose. The 
flow rate of a hose discharging water from a partly 
opened faucet will increase almost instantly if the 
faucet is opened to its maximum, but the water 
causing the increase in flow does notreach the end 
of the hose for some time. Thus, even though 
Bennett Spring discharge increases quickly after 
recharge, most of the water causing the increase 
in flow does not reach the spring for several days. 


Figure 44 helps show the relationship between 
recharge, discharge, and specific conductivily at 
Bennett Spring. The data are from October, 1990. 
Flow data from Spring Hollow at King Farm and 
Spring Hollow upstream of Bennett Spring are 
fromm hourly values. Bennett Spring discharge 
data are 15-minute values. Precipitation, mea- 
sured at the tipping bucket rain gage and event 
recorder in upper Spring Hollow watershed, is 
shown in four-hourincrements. Conductivity was 
measured eight times during the month. 


September, 1990, was relatively dry, and soil 
moisture storage on September 30 was about 3.05 
inches, well below the assumed field capacity of 6 
inches. Spring discharge was less than 150 ft?/sec, 
and conductivity was relatively high, about 380 
umhos/cm. Rainfall began occurring about 1000 
hours on October 3, and ended about 2200 hours 
with a total rainfall of 1.92 inches. Discharge 
began increasing at Bennett Spring about 1800 
hours, peaked approximately six hours later, and 
declined over the next three days to nearly pre 
rainfall discharge conditions. Specific conductiv- 
ity remained essentially unchanged, and no sur- 
face-water runoff occurred in Spring Hollow at 
either of the gaging stations. On October 7, at 
about 0400 hours, another rainfall event began in 
upper Spring Hollow. This storm dropped 1.76 
inches of rainfallin a four-hour period. Flow began 
increasing at Bennett Spring at about 0800 hours, 
peaked at approximately 2300 hours, and began 
decreasing. Light rain continued falling through 
October 7 and October 8, with intensity beginning 
to increase about 1200 hours on October 8. Rain- 
fall intensity was highest between 1600 and 2000 


hours. Total rainfall for the day was 1.60 inches. 
Discharge at Bennett Spring began increasing at 
about 1900 hours on October 8, peaked at about 
1000 hours on October 9, and declined the re- 
mainder of the month. Light rain continued through 
October 9 with a daily total of 0.41 inches. From 
October 3 through October 9, there was a total of 
5,70 inches of rainfall. 


The cumulative effects of 3.36 inches of rainfall 
on October 8 and 9 generated enough surface- 
water runoff within Spring Hollow watershed to 
cause flow in Spring Hollow. At King Farm, flow 
began on October 8 at about 2000 hours. Flow 
peaked about four hours later at about 6.0 ft?/sec, 
declined sharply the next few hours, and ended 
October 12. Significant flow did not begin in 
Spring Hollow just upstream from Bennett Spring 
until about 0400 hours on October 9. Here, flow 
peaked about 1200 hours on October 9, and 
decreased over the next 36 hours to a small flow 
which continued much of the remainder of the 
month. Peak flow was about 7.5 ft?/sec. 


Specific conductivity at Bennett Spring dropped 
slightly between about October 5 and October 10, 
probably due to the arrival of very local recharge 
that occurred on October 3. Conductivity 
dropped more sharply after October 10, reaching 
its low on about October 25. The time of lowest 
conductivity is considered to mark the arrival of 
the mass-center of the recharge. Since recharge 
occurred several times between October 3 and 
October 9, this indicates an average travel time of 
from 16 to 25 days, which is also supported by dye 
tracing data. 


As a result of this study, the Bennett Spring 
recharge area, as well as recharge areas for other 
springs in the study area, has been established 
with a reasonable degree of certainty. The hydro- 
logic characteristics of area losing streams. are 
much better known, and the recharge and flow 
characteristics of Bennett Spring are better under- 
stood. Although groundwater recharge and ground- 
water discharge points have been identified, little 
is known about the actual route groundwater 
follows between the site of recharge and the 
receiving spring. Dye tracing is used to show the 
connection between the two points, and the bear- 
ing of a straight Jine connecting the dye injection 
and recovery sites shows the average direction the 
dye travelled. It is quite possible, even probable, 
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Figure 42: Weighted recharge area precipitation, calculated recharge area surplus moisture, and discharge at 
Bennett Spring, water year 1989-1 990. 
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Figure 43: Weighted recharge area precipitation, and discharge, conductivity, and temperature at Bennett 
Spring, water year 1989-1990. 
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Figure 44: Hydrologic relationship between rainfall, Bennett Spring's discharge, and surface-water runoff in 
Spring Hollow during October, 1990. 
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that groundwater traveling In condult systems 
follows a circuitous route. Extensive air-filled cave 
systems often have numerous passages that 
branch from a more central trunk passage. Water 
flowing through such a cave will travel much 
further than the straight-line distance. There is no 
reason to believe water-filled conduit systems 
channelling water to major springs are any less 
complicated. Ais-filled caves that can be explored 
today were, in the past, groundwater conduits that 
were exposed and drained as erosion towered the 
Earth’s surface, and valleys cut through them. 
The cave passages do not usually coincide with 
valley development, so there is no reason to 
believe the conduits transporting water to springs 
coincide with surface drainages. Indeed, in the 
case of Bennett Spring, dye tracing shows re 
charge originates not only in the Niangua River 
basin, but also from within the Osage Fork of the 
Gasconade River basin and Goodwin Hotlow, in 
Grandglaize Creek basin. 


Though the exact path groundwater travels 
through the subsurface cannot ordinarily be deter- 
mined by dye tracing, dye tracing information, 
combined with potentiometuic-map data, can indt- 
cate the general route of travel. Figure 33, the 
potentiometric map of the Bennett Spring area, 
depicts water-level elevations measured in wells 
penetrating the Roubidoux Formation and Gas- 


conade Dolomite, the sarme rock units that the. 


Bennett Spring conduit system is likely developed 
in. The map shows a narrow zone of low ground- 
water elevations—a groundwater trough—extend- 
ing from Bennett Spring, southeast, to the Osage 
Fork. Two dye traces, Brush Creek Tributary trace 
(DT 11) and Bear Thicket sink trace (DT 13), were 
conducted along this zone. Groundwater vetoct- 
ties calculated from the two traces averaged about 
1.3 miles per day, considerably greater than ve 
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locities of other dye traces in the area. A ground- 
water conduit serves as a drain. Ordinarily, head 
pressure inside it is lower than pressure around it, 
so groundwater in the adjacent aquifer moves 
toward the conduit. Water levels in wells 
drilled near a conduit would reflect this. Re- 
charge directly entering a major conduit would 
follow a more direct path having less resis- 
tance than recharge taking place adjacent to 
the conduit. It is quite possible that a major 
conduit which transports water to Bennett 
Spring trends southeast from the spring, 
roughly paralleling Spring Hollow, and ex- 
tends beneath the Niangua River basin sur- 
face-water divide into Osage Fork basin. Three 
other dye traces, Dousinbury Creek trace (DT 
17}, Spring Hollow trace (DT 18), and Spring 
Hollow Tributary trace (V G& E, 1987), with 
Injection sites on the flanks of this theorized 
conduit, had much slower straight-line ground- 
water velocities. 


The potentiometric map shows other such 
groundwater troughs. Most notably, one extends 
across upper Dry Auglaize Creek and Goodwin 
Hollow trending to the northeast. It shows ground- 
water movement from Goodwin Hollow watershed 
into the Niangua River basin. Another apparent 
groundwater trough extends to the east across 
upper Parks Creek into Steins Creek watershed. 
Other hydrologic features probably exist that are 
not reflected on the potentiometric map. Detec- 
tion of conduits in karst areas using potentio- 
metric data depend greatly on data density. Since 
the data points are water wells, data are not 
available in areas where wells do not currently 
exist, and many areas may not have a high 
enough well density to accurately show the poten- 
tiometric surface. 
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